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RESUME 
The present thesis has been divided into the following heads. 
A. Theory 
B. New Work 
(a) Discussion (b) Experimental 
C. Bibliography 
The theory part of the thesis has been further subdivided into 
three parts. The first part covers a critical review of the chemistry of flavo-
noids and biflavonoids and highlights the recent advances in the analytical 
techniques as applied to isolation, synthesis and structure elucidation of these 
compounds. The second part deals with the chemistry of xanthones with special 
reference to their natural occurrence and synthesis. The third part covers 
the synthesis of pyridazine derivatives and chemistry of if-hydroxy coumarins. 
Part B of the thesis forms new work,summary of which is described 
below briefly chapterwise. 
Chapter I 
The naturally occurring biflavonoids can be considered as dimeric 
compounds arising out of (»cldative coupling of monomeric flavonoids. Both 
symmetrical <5c unsymmetrical types are known. The positions involved in 
the interflavonoidal linkage correspond to 6,8,3' and 3 in monomers. However, 
till recently no 3,3-linked systems were known. Recent discoveries include 
Brackenin, Chamaejasmine, Isochamaejasmine, Neochamaejasmine A and 
Neochamaejasmine B. Of these, first one is bisdihydrochalcone and the other 
'f are bifiavanones. While extensive work has been carried out on the synthesis 
of other types of bifiavonoids, no serious work has been done on the synthesis 
73 
of 3,3-linked type, except a solitary report by Molyneux et al who investi-
gated the oxidative coupling of apigenin with cilkaline pxjtassium ferricyanide. 
In the present investigation, efforts have been directed to fulfil 
this gap. Reaction of resorcinol and succinonitrile and resorcinol and succinic 
anhydride yielded the same B-(2,'f-dihydroxy h>enzoyl) propionic acid (LXVll). 
Modification of reaction conditions did not give the desired l,'t-bis-(2,^-di-
hydroxy phenyl) butane 1,'t-dione (LXVl). However, the latter compound could 
be obtained by condensing B-(2-hydroxy-^-methoxy benzoyl) propionic acid 
methyl ester (LXVIII) with resorcinol in the presence of NaCl and AlCU. 
Methylation of this gave the dimethyl ether (LXIX) which could be a conve-
nient starting point for the synthesis of the target. 
Attempted chaicone condensations of the diketone (LXIX) with 
benzaldehyde or veratr aldehyde did not succeed and hence the B.V. route 
had to be resorted. Condensation with benzoyl chloride gave the bisester 
(LXXVII), the at tempted B.V. reaction gave unexpectedly the product (LXXXIII), 
arising out of migration of one of the benzoyl units with the simultaneous 
hydrolytic fission of the other benzoyl unit. Cyclisation of this material gave 
a 3-substituted monoflavonoid (LXXXV) which could not be further developed, 
to the target molecule. 
However, a modified procedure involving the diketone derivative 
(LXIX) and benzoyl chloride in presence of K^CO^/ acetone also led to an 
unwanted product (LXXXVIII) which is a tetra substituted furan. The use 
of veratroyl chloride in place of benzoyl chloride gave more encouraging 
results. The bisester (LXXIX) , on B.V. rearrangement followed by cyclisation 
gave rise to compound (XC) which is the closest to the target molecule. 
This has one of the C . ^ units cyciised to flavone while the other C , , unit 
remadned as the uncyclised B-diketone. Because ol the low yields, further 
attempt to cycJise the other unit could not be undertaken. 
Another p>roduct could be characterised during these experiments 
as (LXXXIX) which has one flavone unit having a phenacyl moiety attached 
to 3-position. 
A parallel attempt using phloroglucinol in place of resorcinol 
gave the corresponding trihydroxy benzoyl propionic acid (XCU) which could 
not however be successfully converted to the diketone (XCIV). 
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Chapter 2 
Synthesis of 3,6-dJinethaixyxanthone - a novel reaction 
In yet another attempt to synthesise l,'f-bis-(2,4-dihydroxy phenyl) 
butauie Ij^j-dione, B-(2,'t-dihydroxy benzoyl) propionic acid was condensed 
with resorcinol in presence of p>olyphosphoric acid. Instead of the expected 
diketone a xanthone was formed which was isolated as its dimethyl derivative. 
This was characterised as 3,6-dimethoxyxanthone (LXXVI). 
Although the exact route by which xanthone was formed is not 
yet clear, it would appeeir that the expected condensation with the carboxyl 
group had not taken place but condensation of resorcinol with the keto group 
had occurred resembling phthalein condensation which could give rise to the 
xanthone. Further studies are needed for elucidating the pathway. 
OCH: 
(LXXVI) 
Chapter 5A 
A large number of heterocyclic compounds either from natural 
sources or prepared synthetically have been found to possess biological activity, 
and therefore the following investigations were undertciken. 
With the availability of B-(2,'f-dihydroxy benzoyl) propionic acid 
and B-(2,'f,6-trihydroxy benzoyl) propionic acid, an attempt has been made 
to prepare the corresponding tetrahydropyridazinones. 
Former was converted into the methyl ether methyl ester and 
condensed with hydrazine hydrate in presence of sodium acetate yielding 
6-(2-hydroxy-^-methoxy phenyl) 2,3,'t,5-tetrahydropyridazine-3-one (XIII). 
Similarly the latter compound was converted into dimethyl ether 
methyl ester (XCni) eind condensed with hydrazine hydrate to give 6-(2-hydroxy-
t^ ,6-dimethoxy phenyl) 2,3,'t,5-tetrahydropyridazine-3-one (XVI). 
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Chapter 3B 
In view of the biological significance of heterocyclic compounds, 
two tricyclic compounds have been prepared. Starting material was gallaceto-
phenone prepared by Nend<i's reaction from pyrogallol. The 3,'t-dimethyl 
ether of gallacetophenone (XXXIII) was reacted with diethyl carbonate and 
sodium, yielding ZjS-dimethoxy-'f-hydroxyO- carboethoxy coumarin (XXXIV). 
Condensation of this with hydrazine hydrate gave compound (XXXIX) which 
incorporates a chromone moiety and a fused pyrazolone moiety. 
Condensation with hydroxylamine hydrochloride gave (XLI) having 
a chromone moiety and a fused isoxazolone unit. Pharmacological activities of 
these new heterocyclics cire being studied separately. 
OCH3 
OC,Hi 2"5 
(XXXIX) (XLI) 
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CHAPTER 1 
T H E O R E T I C A L 
FLAVONOIDS 
Isolation and examination of Natural Products have drawn consi-
derable at tent ion of chemists from very early days. Many valuable products 
were obtained from the natural wealth and used for innumerable purposes 
in the past for human welfare and various other act iv i t ies. Hence, the develop-
ment of chemical studies in the 18th and 19th centuries was inevitably deeply 
associated wi th increasingly more sophisticated probing into the nature of 
the tradit ional and the new substances. The latter half of the 19th century 
saw the rapid evolution of organic structural theory closely tied to the struc-
tura l challenges presented by these natural constituents, mostly from plant 
sources. Progress regarding the synthetic methods was also made gradually 
alongwith the studies of organic compounds. Although the natural products 
have been obtained mostly f rom plant sources, only a meagre percentage 
of the plant world has been explored for its chemical constituents, part iculerly 
in India where there is abundance of wide variety of vegetation since this 
country possesses dif ferent types of c l imat ic conditions and soils etc. 
The term 'Natural Products' generally associated w i th the classes 
of organic compounds include mainly alkaloids, terpenoids, steroids, carbohy-
drates, fa ts , fa t t y acids, proteins, essential oils, carotenoids, vitamins, glyco-
sides, flavonoids, xanthones and coumarins etc. 
The flavonoids ' ' ^ ' ' one of the most numerous and wide spread 
groups of the natural products, are important to man not only because they 
contr ibute to plant colour but also because many members are physiologically 
active2^<^. They are universally distributed among vascular plants and found 
pract ical ly in all parts of plants. 
The term 'f lavonoid' covers a large group of naturally occurring 
organic compounds in which two benzene rings are linked by a propane bridge 
(C, -C-C-C-C, ) except in isoflavones in which the arrangement is (C, -C-C-C) . 
D O I 
The flavonoids include chalcones, dihydrochalcones, aurones, flavones, f lava-
nones, isoflavones, flavonols, 2,3-dihydroflavonols (flavanonols), flavan-3,'t-diols 
(leucoanthocyanidines), anthocyanidines and catechins. 
The f i rs t flavone to be isolated in the pure form was chrysin(l) 
f rom the buds of the North American Populus monilifera balsamifera. L a t t e r 
studies on plant colouring matters led to the isolation, structure determination 
and synthesis of a large number of flavonoids. In these compounds the oxidation 
level of C , bridge varies from the lowest in catechin (II) to the highest 
in flavonol Oil). 
r ^ ^ ^ 
(II) (III) 
The biological function of the flavonoidic compounds in man and 
•J 
animal was first suggested by Szent-Gyorgyi who reported that the flavonoids 
present in the citrus peel were effective in capillary bleeding and fragility 
associated with scurvy. The widely varied biological actions of flavonoids 
have since been examined and numerous physiological activities have been 
attributed to them . The physiological activities of flavonoids ' include 
vitamin P activity, diuretic action, treatment of allergy, protection against 
X-rays and other radiation injuries, cure of frost bite, antibacterial activity, 
prophylactic action, oestrogenic activity, antitumour effects and anti-cancer 
property . 
The flavonoids are of commercial interest as anti-oxidants for 
7 8a fats and oils ' . The antioxidant property of a number of flavonoids has 
been studied. Robinetin and Gossypetin were claimed as the most potent 
and of economic importance in the tanning of leather, the fermentation 
of tea, the manufacture of cocoa and in the flavour qualities of food stuffs ' . 
The study of distribution of flavonoids in plants is of great chemotaxonomic 
value^'^0. 
Recent addition to this class is 'Biflavonoids', these are derived 
from two flavone or flavanone or flavanone-flavone units and have been 
mostly Isolated from Gymnosperm. Among the Angiosperms, some plants 
belonging to Guttifereae^^'^^ Euphorbiaceae^^'^^'^^ Caprifoliaceae^^'^^ 
Archegoniaceae^^ Ochnaceae^^ Anacardiaceae^O'^^, Bursiraceae^^ and 
some ferns belonging to Selagineliaceae^^'^^ have been found to contain 
bif lavonoids. 
CLASSIFICATION OF BIFLAVONOIDS 
They may be classified into the following two main groups. 
1. 
2. 
C-C linked Biflavonoids and 
C-O-C linked Biflavonoids. 
1. C-C linked Biflavonoids 
Depending upon the nature of the constituent monomeric units 
and of the position of linkage, they have further been sub-divided into the 
following series. 
A. Amentollavone series 
These are derived from two apigenin units with 0-3', II-8) linkage 
and are represented by ninteen members (chart-I) with amentoflavone (IVa) 
as the parent compound. 
RiO 
Chart-I 
R R. R. Ref. 
(a) Amentoflavone 
(b) I-^t', I-7-di-O-glucoside 
(c) 1-^', II-4'-di-0-glucoside 
(d) I-'f', 1-7, n-4'-trl-0-glucoside 
(e) I-7-0-methyl (Sequoiaflavone) 
(f) 1-4'-O-methyl (Bilobetin) 
(g) II-7-O-methyl 
(h) Il-i*'-0-methyl (Podocarpus flavone-A) 
(i) II-4', I-7-di-O-methyl 
(Podocarpus flavone-B) 
(j) i-/t', 1-7-di-O-methyl (Ginkgetln) 
(k) 1-4', II-4'-di-0-methyl (Isoginkgetin) 
(1) 1-4', I I -7-di-O-methyl 
(m) 1-7, I l -7-di -O-methyl 
(n) 11-4', 1-7, I I -7- t r i -O-methyl 
(o) 1-4', I I-4 ' , I I -7- t r i -O-methyl 
(Kayaflavone)) 
(p) 1-7, 1-4', II-4'-tri-0-methyl 
(Sciadopitysin) 
(q) 1-4', 1-7, II-7-tri-O-methyl 
(r) 1-4', II-4', 1-7, n-7, tetra-O-fnethyl 
(s) 1-4', I M ' , 1-5, II-5, 1-7, 
II-7-hexa-O-methyl 
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Glc 
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CH^ 
CH3 
CH3 
H 
CH^ 
C H , 
17,22,23, 
26-35,36,37 
8b 
8b 
8b 
30,31,38, 
33,39-42 
40,43 
44b,45a 
46 
46 
39-41,47 
39,40,43,46 
48 
31,33,44c 
18,26,31,49 
38,33,48, 
50,42 
39,40,43, 
46,47,51,36 
31,44c 
42,53,54,51 
31,55,56 
B. 1-2, 3~ dihydroamentoflavone Series 57,58 
These are derived from a naringenin and an apigenin unit with 
flavanone (1-3', II-8) flavone linkage and are represented by four members 
(Chart-II), with 2,3-dihydroamentoflavone(Va) as the parent compound . 
Chart-n 
(a) 
(b) 
(c) 
(d) 
1-2, 3-dihydroamentoflavone 
II-«', II-7-di-O-methyl 
M ' , 11-4; I-7-tri-O-methyl 
1-4', II-<f', 1-5, II-5, 1-7, n -7-
hexa-O-methyl 
H 
H 
CH, 
CH, 
H H 
CH3 H 
H H 
CH^ CH3 
H 
H 
H 
CH, 
H 
H 
Rg Ref. 
H 57-59 
CH3 57-59 
CH3 CH3 59 
CH, CH, l(f5a 
c. Tetrahydroamentoflavone Series 
20a-e 
Six new compounds have recently been isolated from the defatted 
nut shells of Semicarpus onacardium 
A new series of biflavanone as 7"-0-methyl tetrahydroamentoflavone 
alongwith tetrahydroamentoflavone has also been isolated from the leaves 
20e 
of Ochna Pumila 
These are derived from two naringenin units with 0-3', II-8) linkage. 
(VI) 
8 
Chart-m 
» ! ^ 2 * ^ 3 ^4 ^5 ^6 ^^** 
(a) 1-4', II-3', k\ 1-5, II-5, I-7-hexahydroxy H OH H OH H OH 20a,e 
0-3", II-8) biflavanone 
(b) I-^', U-H', 1-5, II-5, 1-7, II-7- H OH OH H H OH 20a 
hexahydroxy 0-3', II-8) biflavanone 
(c) 1-4', n-^\ 1-7, II-7-tetrahydroxy H H OH H H OH 20a 
(1-3', II-8) biflavanone 
(d) 1-4', II-3', 4', 5', 1-7, II-7-hexahydroxy H H OH OH OH OH 20b 
(1-3', II-8) biflavanone (Semi-
Car puflavanone) 
(e) l-U\ II-3', k\ 1-5, II-5, 1-7, II-7- H OH OH OH H OH 20c 
heptahydroxy Q-3', II-8) 
biflavanone (geediflavanone) 
(f) 1-4', II-3', 4', 1-5', II-5', 1-7, IN7- OH H OH OH OH OH 20d 
heptahydroxy fl-3', 11-8) 
biflavanone) (Galluflavanone) 
(g) II-7-O-Methyl tetrahydroamentoflavone H OH OMe H OH H 20e 
D. I-6-C-inethyl-I-7-0-methylamentoflavone 
60 
This is derived from two apigenin units with 0-3', II-8) linkage 
having 6-C-methyl group. 
H3CO 
E. Recently Geiger et al have isolated Bryoflavone and Heterobryo-
flavone from Bryum capillare(Hedw.) having the structures (VIII) &: OX) res-
pectively. 
10 
(IX) 
F. Cupressuflavone Series 
These are derived from two apigenin units with (1-8, II-8) linkage 
and are represented by eight members (Chart-IV) with cupressuflavone 
(Xa)^^'^°'^^^'^^'^^ as the parent compound. 
Chart-IV 
11 
(a) Cupressuflavone 
(b) 1-7-O-methyl 
(c) 1-7, II-7-di-O-methyl 
(d) I-^', 1-7 (or 11-^', 1-7) 
di-O-methyl 
(e) \-k\ 1-7, II-7-tri-O-methyl 
(f) 1-4', II-4', 1-7, II-7-
tetra-O-methyl 
(g)* M ' , I M ' , 1-5, 1-7, 
II-7-penta-O-methyl 
(h) l-t^', II-'*', 1-5, II-5, 1-7, 
II-7-hexa-O-methyl 
^ 1 
H 
CH^ 
CH3 
CH^ 
« 2 
H 
H 
CH^ 
H 
R3 
H 
H 
H 
H 
% 
H 
H 
H 
H 
^ 5 
H 
H 
H 
H/CH 
^ 6 
H 
H 
H 
3 ^^ 
Ref. 
23,30,32a, 
35,61 
62,63 
62,63 
iJH'f'fc 
C H , CH3 H H CH3 H ^^ 8 
C H , CH^ H H CH^ CH^ 64 
CH3 CH^ CH3 H CH3 CH3 65 
CH3 CH3 CH3 CH3 CH3 CH3 56 
The structure of 1-4', II-4'-di-0-methylcupressuflavone, isolated from 
Araucaria cunninghamii and A. cookii has been revised to 1-7, II-7-di-O-
methylcupressuflavone 
Agathisflavone Series 
These are derived from two apigenin units with (1-6, II-8) linkage 
and are represented by six members (Chart-V) with agathisflavone(XIa) as 
the parent compound. 
Synthetic 
12 
(a) Agathisflavone 
(b) 
(c) 
(d) 
(e) 
(f) 
H. 
I-7-0-methyl 
1-7, II-7-di-O-methyl 
IM' , I-7-di-O-methyl 
\\-k\ 1-7, II-7-tri-O-methyl 
1-4', 11-4', 1-5,11-5, 1-7, 
II-7 -hexa-O-methyl 
Mesuaferr one-A 68 
Chart-V 
H 
CH. 
CH. 
CH. 
CH. 
CH 
R. Ref. 
H 
H 
CH^ 
H 
CH^ 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH3 
CH^ 
22,323,0,^*^6, 
63 
5't,62,67 
62 
5^ ,^67 
t^tK 
3 CH3 CH3 CH3 CH3 CH3 32c,56 
This is derived from two naringenin units with (1-8, II-8) linkage. 
(Xll) 
13 
I. Mesuaferrone-B 
68,143b 
These are derived from a naringenin and an apigenin unit with 
0-8, II-8) linkage and are represented by two members with Mesuaferrone-6 (XIII) 
as the parent compound. 
OH 0 
(XIII) 
3. Rhusfiavone 69 
This is derived from naringenin and an apigenin unit linked through 
(1-6, II-8) linkage . 
(XIV) 
u 
K. Rhusflavanone 70 
This compound has been isolated from the seed kernel of Rhus succe-
danea. This is derived from two naringenin units with 0-6, 11-8) linkage. 
L. 
(XV) 
71 14^ Succedaneaflavanone *»* ' ^ 
These are derived from two naringenin units with (1-6, 11-6) linkage 
and are represented by two members with succedaneaflavanone(XVI) as the 
parent compound. 
(XVI) 
15 
M. Robustallavone Series 22,26,33,72 
These are derived from two apigenin units linked through 0-3', II-6) 
22 26 33 72 linkage and are represented by robustaflavone(XVII) » ' ' as the parent 
72 
compound and its mono and dimethyl ethers . 
/ \V-OH 
N. Taiwaniaflavone Series 
(XVII) 
7* 
A new series of naturally occurring biflavones have been isolated 
from Taiwania cryptomeroids .T'hese are derived from two apigenin units with 
0-3', II-3) linkage and are represented by four members (Chart-VI) with Taiwa-
niaf lavone(XVIIIa) as the parent compound. 
v-iQ-il, 
(XVIII) 
Chart-VI 
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(a) Taiwaniaflavone 
(b) I-7/II-7-0-methyl 
(c) 11-^', 1-7/11-7-di-O-methyl 
(d)* I-if', IMS 1-5, II-5, 1-7, 
II-7-hexa-O-methyl 
K1 '^o ^ 
H H H 
H/CH^ CH^H H 
H/CH3 CH^/H H 
^ « 
H 
H 
H 
«5 
H 
H 
H 
^6 
H 
H 
CH^ 
Rel 
7'ta 
7«fa 
71^ 
CH^ CH3 CHj CH^ CHj CH^ 7^ *6 
O. BGH Series 
These are derived from a naringenin and an apigenin or luteolin unit 
with (1-3, II-8)linl<age and are represented by seven members (Chart-VIl) with BGH-II 
(XlXa) and BGH-III (XlXg) as the parent compounds. 
R1O 
"y^y-
* Synthetic. 
(XIX) 
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(a) 
(b) 
He) 
•(d) 
He) 
Hf) 
(g) 
BGH-II (Morelloflavone 
Fukugetin) 
II-3'-0-methyl 
I-^', IlJf', 1-5, 1-7, 
II-7-penta-O-methyl-
II-3'-methoxy 
M ' , 11-^', II-5, 1-7, 
II-7-penta-O-methyl-
II-3'-methoxy 
I-^', II-4', 1-7, II-7-
tetra-O-methyl-
II-3'-methoxy 
11-^', 1-7, Il-7-tri-
O-methyl-II-3'-me thoxy 
BGH-III 
(Talbotaflavone/volkensiflavone) 
Chart-Vn 
R 
OH 
OCH^ 
OCH3 
OCH3 
OCH^ 
OCH^ 
H 
^ 1 
H 
H 
CH^ 
CH^ 
CH^ 
CH, 
H 
^ 2 
H 
H 
CH^ 
CH3 
CH^ 
CH^ 
H 
« 3 
H 
H 
CH^ 
H 
H 
H 
H 
^ 
H 
H 
H 
CH3 
H 
H 
H 
« 5 
H 
H 
CH^ 
CH^ 
CH^ 
H 
H 
^ 6 
H 
H 
CH3 
CH3 
CH^ 
CH^ 
H 
Ref. 
11,7: 
76 
77 
77 
77 
78 
11,7 
Synthetic. 
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WGH Series 11 
11 Two new biflavones, WGH-II and WGH-III have been synthesized 
by dehydrogenation of BGH-II and BGH-IIl respectively (Chart-VIII). 
(XX) 
Chart-Yin 
(a) 
(b) 
II-3', I^', II-4', 1-5, II-5, 1-7, II-7-
heptahydroxy 0-3, II-8) biflavone 
(WGH-II or Saharanflavone)^^ 
I-^', II-4', 1-5, II-5, 1-7, II-7-
hexahydroxy 0-3, II-8) biflavone 
(WGH-ni)^ ^ 
R= OH 
R= H 
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Q. GB Series*^^"*^ 
This series connprises of reduced heterocyclic systems. Five members 
are reported to occur in nature (Chart-IX). They are derived from naringenin 
linked with a naringenin or aromadendrin or taxifolin or eriodictyol through 
0-3, II-8) linkage. 
OH 0 
(XXI) 
(a) 
(b) 
(c) 
(d) 
(e) 
GB-1 
GB-la 
GB-2 
GB-2a 
II-^'-O-
Chart-DC 
•methyl GB-2(Kolaflavone) 
« 1 
OH 
H 
OH 
H 
OH 
^ 2 
H 
H 
OH 
OH 
OH 
R 
H 
H 
H 
H 
CH 
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R. 1-4', 1-5, II-5, 1-7, II-7-PentahydroxyflavanoneO-3, 11-8) chromone 81 
This compound has been isolated from the leaves of Garcinia dulcis 
kurz. It is a dimer of naringenin and 5,7-dihydroxy chromone linked through 
(1-3, U-&) . Us isolation has introduced a new series comprising of flavanone-
chromone structure. 
(XXII) 
2. C-O-C liriced Biilavonoids 
A. Hinokiflavone Series 
These are derived from two apigenin units linked through 0-^'-O^I-6) 
linkage and are represented by Hinokiflavone(XXIIIa) as the parent compound 
(Chart-x). Earlier hinokiflavone and its derivatives were assigned (I-^f'-0-11-8)*^^"^ 
llnkage(XXIV) which had been revised to (I-^'-0-II-^)^'^^'^^^'*^'^^^"*^'^XIIIa). 
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(XXIIl) 
Chart-X 
R. 
H (a) Hinokiflavone 
(b) I-7-O-methyl (Neocryptomerin) 
(c) n-7-O-methyl (Isocryptomerin) 
(d) Il-^'-O-methyl (Cryptomerin-A) 
(e) 1-7, 11-^'-di-O-methyl 
(f) 1-7, II-7-di-O-methyl 
*(g) II-4', II-7-di-O-methyl (Cryptomerin-B) H 
*(h) 1-7, n-7, n-4'-tri-0-methyl 
H 
R^ R^ Rj Ref. 
H H H 23,26,31,32a,33, 
38,82a-d,^2,88,89 
CH3 
H 
H 
CH3 
CH3 
CH 
H 
CH3 
H 
H 
CHj 
CH^ 
CH^ 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH^ 
CH^ 
H 
CHj 
CH^ 
•^6 
23,26,32a,33,86 
87 
87 
46 
87 
87 
Synthetic 
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The O-'t'-O-II-g) linked hinokiflavone pentamethyl ether (XXIVb) 
.82d has also been synthesized 
(XXIV) 
(a) Hinokiflavone (I-*'-0-II-8) 
(b) Hinokiflavone Pentamethyl ether 
Chart-XI 
I 
H 
CH 
H H 
R. 
H H 
Ref. 
22 
3 CH^ CH3 CH3 CH3 82d 
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B. 1-2, 3-Dihydrohinokifiavone Series 59,90b 
The sole member (XXV) of the series has been isolated from 
59 90 Metasequioia glyptostroboidies and Cycas species ' . This is derived from a 
naringenin and an apigenin unit through (I-'t'-0-Il-6) linkage. 
(XXV) 
C. Ochnaflavone Series 
These are derived from two apigenin units with O-B'-O-IM') * ^ 
linkage with ochnaflavone (XXVIa) as the parent compound (Chart-XII). 
(XXVI) 
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(a) 
(b) 
(c) 
(d) 
*<e) 
Ochnaflavone 
I-'t'-O-methyl 
I-£t', l-7-di-O-methyl 
II-7-O-methyl 
M ' , 1-7, II-7-tri-O-methyl 
Chart-XII 
^1 
H 
H 
CH^ 
H 
CH^ 
^2 
H 
H 
H 
CH^ 
CH3 
S 
H 
H 
H 
H 
H 
«• 
H 
H 
H 
H 
H 
S 
H 
CH^ 
CHj 
H 
CH^ 
Ref. 
20e,25 ,9 
25 
25,91a 
20e,91b 
91a 
(f) I-^', 1-5, II-5, 1-7, lI-7-penta-O-methyl CH^ CH^ CH^ CH^ CH^ l^Jd 
Synthetic 
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Biflavonoid Glycosides 
77 9^ A. M. Konoshima et a r ' have isolated fukugiside(XXVIIa) and 
spicataside(XXVIIb) from Garcinia spicata and xanthochymusside(XXVIII) from 
Garcinia xanthochymus. 
(a) 
(b) 
Fukugiside 
Spicataside 
R^=OH; R=p-D-gluc. 
R^=H; R=p-D-gluc. 
(XXVIII) (JH 0 
Xanthochymusside, RsB-D-gluc. 
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B. :.-94 0-3, II-«)-Binaringenin-n-7-0-*-glucoside 
A new biflavanone glycoside (XXIX) has recently been isolated 
9^* Irom Garcinia multiflera. 
R=Glucosyl (XXIX) 
95 Tetrahydrohinokiilavone-C-glycoside 
95 
Recently Murthy et al have isolated a new biflavonoid glycoside, 
occidentoside(XXX) from the nut shells of Anacardium occidentale L. Its struc-
ture has been established as tetrahydrohinokiflavone-C-glycoside. This is 
the first biflavonoid to occur with one flavanone and one chalcone unit with 
the first C-glucoside in the biliavonoid series. 
(XXX) 
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STRUCTURE DETERMINATION OF BIFLAVONOIDS 
The problem of structure determination of bifiavonoids is a complex 
one because of (a) occurrence of more than one bifiavonoids in chromato-
graphically homogeneous fractions with the consequent difficulty in their 
isolation in pure form, (b) insolubility in the usual organic solvents, (c) the 
difficulty in exact location of O-methyl group in partially methylated deri-
vatives of biflavones and (d) the intricate problem of establishing the inter-
flavonoid linkage. 
There are various methods generally used for structure determi-
nation such as colour reaction degradation ' ' physical methods and 
synthesis. The physical methods and synthesis are of key importance for 
complete structure elucidation of bifiavonoids. 
PHYSICAL METHODS 
The physical methods generally employed in the identification 
and structure analysis of plant pigments are chromatography " , UV , 
jPj 10^-107^ NMR, Mass spectrometry and HPLC^°^''''*^'. Among them the 
nuclear magnetic resonance spectroscopy and mass spectrometry are most 
sophisticated dependable tools for the structure determination of ilavonoids. 
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NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
The application of NMR spectroscopy has proved to be the most 
useful and powerful tool in the structure determination of flavonoids, including 
the solution of stereochemical problems. The members of various classes 
of flavonoids can be distinguished by the chemical shifts of their respective 
heterocyclic ring protons. By the use of NMR studies of trimethyl silyl ether 
derivatives , double irradiation technique , solvent induced shift studies ' ' , 
lanthanide induced shift sutdies(LIS) , nuclear overhauser effect(n.o.e) 
and C-NMR spectroscopy , it has become possible to elucidate fully 
the structure of flavonoids occurring even in minor quantities without resort 
to tedious and time consuming chemical degradation and synthesis. 
The valuable contributions in this field have been made by Massicot , 
Waiss^°^, Mabry^°^'^^^ Batterham^^^, Grouiller^^^ Markham^^^, Rosier ^^^, 
Wilson , Kawano * , Pelter & Rahman ' ' . 
In the interpretation of the NMR spectra of flavonoids, protons 
have been discussed under three heads such as A-ring protons, B-ring protons 
and C-ring protons. 
The most commonly occurring hydroxylation pattern in natural 
flavonoid is *,5,7-trihydroxy(XXXI) system. The chemical shifts of the protons 
of ring-A and -B prove to be independent of each other but are affected 
by the nature of ring-C. 
OH 
(XXXI) 
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A-ring protons 
The two A-ring protons at C-6 and C-8 of flavonoids which contain 
the common 5,7-dihydroxy substitution pattern give rise to two doublet 0=2.5Hz) 
between T3.3-4.0 from tetramethylsilane. The H-6 doublet occurs consistently 
at higher field than the signal for H-8. There are, however, small but predic-
table variations in the chemical shifts of the C-6 and C-8 proton signals 
depending upon the substituents at C-5 and C-7. In flavanones the C-6 and 
C-8 protons give a signal peak near T ^.05. With the addition of 3-Uydroxy 
group (flavanonols), the chemical shifts of these protons are slightly altered 
and the pattern changes to a very strongly coupled pair of doublets. The 
presence of double bond in ring-C of flavones and flavonols causes a marked 
downfield shift of these peaks, again producing the two doublet pattern. 
Out of protons of C-6 and C-8, the latter appears at downfield. 
B-ring protons 
The protons of ring-B normally appear in the range f 2.3-3.3, a 
region separate from the usual A-ring protons. The signal pattern observed 
from the B-ring protons is characteristic for the substitution pattern of 
that ring and, in addition, suggests the oxidation level of ring-C. The signals 
from the aromatic protons of an unsubstituted B-ring in a flavanone appear 
as a broad peak centred at about T 2.55. In flavones, the presence of C-ring 
double bond causes a shift of the 2',6' protons and the spectrum shows 
two broad peaks one centred atT2.00 (2',6') and the other atT2.*(3',<>',5')^^^. 
With the introduction of a *'4iydroxyl group in the B-ring, a typical 
four peak pattern of two doublets is observed. It is called as A2B2 pattern. 
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Introduction of one more substituent to ring-B gives the normal ABC pattern. 
The hydroxy! group increases shielding on the adjacent 3',5' protons and 
their peaks move substantially upfield. The 2',6' protons of flavanones give 
signals centred at aboutT2.65. 
C-ring protons 
Generally, considerable variations are observed in the chemical 
shifts of the C-ring protons among the different flavonoid classes depending 
upon the oxidation level of C-ring. The C-3 proton in flavones give a sharp 
singlet nearT3.7. The signal for C-2 protons of isoflavones is normally observed 
at about T2.3, while the signal for C-2 protons in flavanones split by C-3 
protons, as a result of the coupling of the C-2 proton with the two C-3 
protons, into a doublet of doublet and appear as quartet (J cis=Ca.5H2., 
3 trans=Ca.llH2.) near *T 4.8. The two C-3 protons occur as two quartets 
( 3 „ , ,. =17Hz) nearT 2.3. However, they often appear as two doublets since 
two signals of each quartet are of low intensity. The C-2 protons in dihydro-
flavonols appear nearT5.1 as a doublet (J= llHz) coupled to the C-3 proton 
l l l f 
which comes at aboutT5.8 as doublet. 
In the structure elucidation of biflavonoids, certain useful infor-
mations can be obtained by comparison of their NMR spectra with those 
of their corresponding monomers. Such a choice, however, is compelling 
but by no means infalliable. Comparision of the NMR spectra of methyl and 
acetyl derivatives of a bifiavonoid with those of biflavonoids of the same 
series as well as with those of biflavonoids of other series in which atieast 
one monoflavonoid unit is similarly constituted, is very useful in assigning 
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each and individual proton and the position of the methoxy groups. The problem 
of interflavonoid linkage has successfully been solved by the solvent induced 
shift studies of methoxy resonance ' ' and lanthanide induced shift 
studies. 
In biphenyl type biflavones such as amentoflavone, cupressuflavone, 
agathisflavone etc., the peak of the ring protons involved in interflavonoid 
linkage appears at somewhat lower field (*-" 0.5 ppm) as compared with the 
peaks of the same protons in a monomer due to extended conjugation. 
In both types of biflavonoids such as biphenyl and biphenyl ether, 
it has been observed that 5-OCH, group of an 8-linkage monoflavonoid unit 
in a biflavonoid shows up belowT6.00 in deuterochloroform in all the cases 
examined sofar (Table-I). This observation may be explained on the basis 
of extended conjugation. 5-methoxyl group of an 8-linked monoflavonoid 
unit in biflavonoids of BGH-series, WGH-series and GB-series does not show 
up below*f 6.00 as the linkage is through heterocyclic ring. 
Table-I 
Methoxyproton shifts ^^values) of fully methylated biflavonoids. 
Biflavonoid 
Cupressuflavone (1-8, 11-8) 
Amentoflavone (1-3', n-8) 
Agathisflavone (I-6, II-8) 
*H inokif lavone (1-4'-0-n-«) 
2,3-Dihydroamentoflavone(I-3', 
* Synthetic. 
II-8) 
I-5-OMe 
5.85 
6.13 
6.41 
6.00 
-
n-5-OMe 
5.85 
5.9<t 
5.95 
5.92 
5.95 
DL 
By examining the methoxy and acetoxy shifts certain useful corre-
lations emerge but they should be used only as the supporting evidence. 
It is only by looking at the full series (parent, fully methylated and acetylated 
derivatives) and comparing multiplicities and chemical shifts of the aromatic 
protons that the safe assignments can be made. 
Aromatic protons are completely self-consistent in cupressuflavone, 
amentoflavone, agathisflavone (assumed vadues of ring II-B protons) and hinoki-
flavone series. The protons of I-B appear consistently lower than those of 
„ „5'fa,b,66 
ring II-B ' ' . 
The protons at 11-8 in hinokiflavone (l-'f'-04I-6) methyl ether 
and at 1-8 in agathisflavone (1-6, II-8) methyl ether appear at exceptionally 
low field,T2.95 and T 3.09 respectively. This may be diagnostic of H-8 of 
a 6-substituted ring in biflavonoids methyl ether both of biphenyl and biphenyl 
ether types. 
The me^oxyl at C-5 (ring 1-A) of agathisflavone methyl ether 
(T6.'H) and one methoxyl in chalcone flavone corresponding to BGH-III methyl 
ether (T6.80) and WGH-H methyl ether (*r 6.56) show up at exceptionally 
higher field than the other methoxy groups. This internal shielding effect 
is also evident in the case of chalcones BGH4II heptaacetate and BGH-II 
octaacetate in which the protons of one acetoxy group appear atT8.08 whereas 
those of others atT7.26-7.80. 
The dependence of H.6 of II-A upon its mode of bonding with 
the other half of the bifiavonoid has been observed in Tabie-II. 
Table-n 
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Biflavonoid 
methyl ether 
H-6(Ring n-A) Cg(Ring D-A) bonded to 
(T) 
BGH-III 
BGH-II 
WGH-IIl 
WGH-II 
Cupressuflavone 
Amentoflavone 
Agathisflavone 
3.82 reduced heterocyclic ring 
3.7k reduced heterocyclic ring 
3.55 heterocyclic ring 
3.'f9 heterocyclic ring 
3AI, 3A2 aromatic ring I-A 
3.38 aromatic ring I-B 
3.36 aromatic ring I-A 
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*'c-NMR SPECTROSCOPY OF BIFLAVONOIDS 
^H-NMR spectroscopy involving shifts of the methoxy signals 
in the spectrum of the permethyl ether, upon progressive addition of deutero-
benzene^^*^, has been used for the determination ^' of interflavonoid 
linkage. The shift of the signal occurs if one position ortho-to a given methoxy 
group is unsubstituted. Though this method has been successfully applied 
in many cases but its applicability is restricted. Thus, in the case of hepta-O-
methyl saharanflavone , one methoxy signal does not shift at all on the 
addition of C.D, , supporting a (1-3, II-6) linked structure, inspite of the 
fact that a (1-3, II-8) linkage was later confirmed by synthesis. The use 
of the paramagnetic shift reagent Eu(fod)^ helped to differentiate the signals 
due to H-3, H-6 and H-8 in 5,7-dimethoxy flavonoids and this has been 
121 122 
extended to the biflavonoid permethyl ethers ' . However, since both 
flavonoid moieties are complexed, different shifts may result from the same 
substituent on each nucleus. Hence a method of wider applicability is essential 
for correct determination of the interflavonoid linkage in such compounds. 
The assignment of the signals in the ^^C-NMR spectra of ten oxygenated 
biflavonoids was achieved on the bais of off-resonance and proton coupled 
spectra and by analogy with published values ^^^» ^^3 ^ ^ ^ ^ monomeric 
compounds. This n>ethod obviates the necessity of preparing the permethyl 
ethers which are obligatory for the ^H^MR solvent induced shift studies. 
As a consequence, therefore, this method has potential also for the location 
of methoxy substitution directly in a naturally occurring methylated biflavonoids. 
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MASS SPECTROMETRY 
The mass spectrometry represents an unique tool both for skeletal 
assignment and for recognition and location of functional groups in organic 
compounds. The mass spectra of a wide variety of naturally occurring organic 
compounds have been studied only during the last few years. The introduction 
of the inlet system suitable for volatilization of high molecular weight 
(M"^ , 300-1200) organic materials has greatly increased the utility of mass 
spectrometry. Generally fragmentation is related to the structures of the 
intact molecule. Recently a number of papers on the evaluation of structure 
fragmentation pattern relationship in mono and biflavonoid have appeared. 
Flavones 
125 Kingston has discussed the mass spectra of a large number 
of flavones, flavonols and their ether derivatives. He has summarized the 
manner in which monoflavones fragment as follows . 
(a) Flavones with fewer than four hydroxy groups do not readily frag-
ment, a consequence of the stability of their molecular ion. 
(b) Flavones with fewer than four hydroxy groups tend to undergo 
decomposition predominantly by way of the retro Dieis-Alder 
process * . This and another common fragmentation processes 
are shown in chart-XIII using apigenin (XXXIV) as a typical 
example. 
(c) An(M-l) ion is often found in the mass spectra of flavones, its 
origin is, however, obscure. 
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(d) The presence of ion C(Chart-XIII) frequently more intense when 
a 3-hydroxy group is present, is attributed to the alternative mode 
of retro Diels-Alder fragmentation also depicted in Chart-XIII. 
(e) Doubly charged ions are frequently present. 
(f) When heavily substituted with hydroxyls and methoxyls, the flavone 
tends to fragment in less predictable manner, retro Diels-Alder 
process become insignificant and the spectrum is dominated by 
the molecular ion and ions at M-15, M-28 and M-^S^^^'^^"^. 
Chart-Xra 
II 
-CO 
OH 
(XXXII) 
M'^ 270 (100) 
M-28 
m/e 2^ *2 (Major) 
'-^3- '^*,:^r^ 
(C), m/e 121 
^ 0 (B), m/e l i s 
(A), m/e 152 
-CO 
A-28 
Alternative RDA process to give fragment(C) 
(XXXII) 
RDA> 
o=c 
HO 
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OH 
'='-(1^" 
(C), m/e 121 
7 8 
Biflavones 
Seshadri et al have made a more specific study of mass spectral 
fragmentation of the permethyl ether derivatives of amentoflavone, cupressu-
flavone and hinokiflavone. The following fragmentation schemes (Chart-XIV, 
XV and XVI) have been proposed to explain the appearance of some of the 
ions observed. Molecular ion is usually the base peak. Apart from the processes 
mentioned earlier for apigenin/ its trimethyl ether, these compounds also 
undergo (i) fission of the C-C or the C-O-C linkage between the aromatic 
residues, (ii) elimination of CO and CHO from the biphenyl ethers and (iii) 
rearrangement involving condensation between the phenyl rings. 
Steric factors seem to play an important role in influencing the 
breakdown mode and internal condensations. These factors become so much 
dominant in agathisflavone hexamethyl ether that the ion at m/e 131 appears 
as base peak instead of molecular ion, m/e 622 (90). The mass spectra of 
amentoflavone hexamethyl ether and cupressuflavone hexamethyl ether are 
similar, molecular ion being the base peak in each case. Differences lies 
in the intensities of the corresponding peaks due to variation in substitution 
patterns and steric factors. The main peaks together with their intensities 
in the mass spectra of these compounds are given below. 
Amentoflavone hexamethyl ether 
The mode of fragmentation is shown in Chart XIV 
Main peaks: 622(100); 621(31); 607(33); 592(8); 576(10); 312(2); 311(5); 2^5(5); 
181(2); 180(3H 135(16) and 132(3). 
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Chart-XIV 
OCH3 1^ m/e 311 (5) (D) 
1 
/ ^ 
111 V— 
CH 
CH3 
[M^:, M V 2 ] 
0CH3 
m/e 576 (10) (B) 
m/e 311 (5) OCH3 0 
m/e 310 (C) 
H3CO 
'\0^^ H3CO. „ ; ; ^ ^ * 
OCH3 0 H3CO 
/ 
OCH3 0 
(IVs) 
M"^  622 (100) 
OCH30 
m/e 180 (3) 
m/e 2*5 (*90) 
(A) 
H^  
m/e 181 (2) 
C=0* 
m/e 135 (16) 
H: 
'H m/e 135 (16) 
CH 
40 
Cupressuflavone hexamethyl ether 
The mode of fragmentation is given in chart-XV. 
Main peaks ; 622(100); 621(38); 607(8); 592(18); 576(*); 312(7); 311(1**); 2^*5(11); 
135(26); and 132(1^). 
Chart-XV 
9CH3 0 
CH, 
CH 
KJ> 
m/e 132 (1**) 
9CH3 0 
OCH3 0 
m/e 576 (^ ) (B) 
• m/e 311 (It) 
[M"^ "^  and/or M''/2] 
H3CO 0 
I 
(Xh) 
M"" 622 (100) 
OCHo 
HoCO 
H3CO 
0 ^ m/e 135 (26) 
OCH3 
OCH3 
m/e 2^5 {U) (A) 
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The peaks at m/e 607 and 592 obviously arise by the loss of methyl 
groups. The peak at m/e 576 has been assigned the structure B (Chart-XIV 
and XV), a condensation product. Such a condensation product has been repor-
129 
ted to be formed when amentoflavone is heated with zinc dust . The reason 
for difference in intensities of such ions in the spectra of cupressuflavone 
hexamethyl ether (<*%) and amentoflavone hexamethyl ether (10%) is that 
the former is a symmetric type. This results in differences in the steric 
disposition of one flavone unit relative to the other, thus hindering or favouring 
128 
condensation between the phenyl rings 
.++\ The ion at m/e 311 is due to both the doubly charged ion (M ) 
and the apigenin trimethyl ether fragment (M /2). The difference in the 
intensities in the spectra of cupressuflavone hexamethyl ether (1^ *%) and 
amentoflavone hexamethyl ether (5%) is due to the variation in the oxygenation 
pattern of the biphenyl residues in the two compounds, which is responsible 
for differences in the labile nature of the interapigeninyl bond. Another expla-
nation would be that the removal of another electron from M"^  is difficult 
in the case of QVs). Thirdly double RDA fission of molecular ion (IVs) may 
yield the fragment (C) m/e 310 (3%), which after accepting a hydrogen atom 
gives an ion (d) having m/e 311. 
It is surprising that the ketene fragment at m/e 180 which should 
be expected as a result of the RDA fission of apigenin trimethyl ether unit, 
is practically absent in the spectrum of cupressuflavone hexamethyl ether. 
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Hinokifiavone pentamethyl ether 
The mode of fragmentation of hinokifiavone pentamethyl ether 
(XXIIIi), which contains a biphenyl ether system is considerably different 
from these of amentoflavone, cupressuflavone and agathisflavone hexamethyl 
ether (Chart-XVI). 
Main peaks: 6Q&(39); 607(12); 593D6); 580(*); 579(11); 578(11); 576(6); ^31(7); 
327(23); 313(100); 312(22); 311(22); 30ti2); 297(29); 296(75); 
281(22); 181(11); 180(3); 135(19); and 132(18). 
The base peak in this case appears at m/e 313 and the molecular 
ion m/e 608 amounts to 39% of this peak. This could be attributed to the 
fact that the biphenyl ether bridge suffers easy rupture, hydrogen transfer 
then leads to 313 fragment. The fission of the ether bridge in (XXIIIi) can 
take place in two ways; (I) by route (1) giving the ions at m/e 297(29) and 
m/e 311(22) (II) by route (2) giving ions at m/e 281(22) and m/e 327(23). 
Moreover, the observation that the 313 ion is not intense suggests that route-(I) 
is favoured i.e. the bond between the oxygen bridge and the highly oxygenated 
128 phenyl ring breaks preferably. 
The ion at m/e 30<> is obviously M**, since the molecular ion 
in this case can notsplit into two eqaal fragments having this m/e value. Further 
evidence for it being doubly charged ion is provided by the appearance of 
the isotope peak at half a mass unit higher (30^.5). Ions at m/e 593 and 
578 arise by the loss of methyl groups, m/e 580 and 579 by the loss of CO 
and CHO respectively, and m/e 576 by internal condensation. The ions due 
to the loss of CO and CHO are not found in the spectra of biphenyl type 
biflavones. The ions at m/e *31 and 296 arise by various modes of RDA 
fission. 
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0CH3 
m/e 297 (29) 
^ ^ 3 ^ m/e 313 (100) 
m/e 311 (21) 
<-;>^o-
H3C0 
m/e 181 (11) 
m/e 281 (22) m/e 327 (23) m/e 132 (16) 
Agathisflavone hexamethyl ether (Xlf) 32C 
hh 
In this case, steric factors beconne so much dominant that the 
ion at m/e 311 appears as base peak instead of molecular ion m/e 622(90). 
The mode of fragmentation is given in Chart-XVlI. 
Main peaks : 622(90); 607(5't); 591(98); 537(2^); 516(15); 521(12); if97(2^); 
325(20); 311(100); 281(12); 2^5(22); and 135(65). 
Ot 
Chart-XVn ^^^"\ ^ - 0 
H3CO 
(Xlf) 
M"^  622 (90) 
OCH3 0 
m/e 311 (100) 
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Ochnaflavone pentamethyl ether (XXVIf) 
The mode of fragmentation in ochnaflavone pentamethyl ether 
is quite similar to that of penta-O-methylhinokiflavone as shown in chart-XVIIl. 
Main peaks: m/e eOSCM"^ ; m/e 592; m/e 580; m/e 327; m/e 311; 30'f(M''V2); 
m/e 297; m/e 280 and so on. 
Chart-XVni 
H3CO C^O 
OCH3 0 
0CH3 
. - ^ ^ 
H,C 3 C 0 \ ^ ; ^ ^ ^ 0 
OCH3 M" 608 
OCH-
C=CH 
m/e 132 
H3CO 
/e 607 
e 592 
OCH3 0 
m/e 180 
+H 
m/e 181 
m/e 30« (M'^72) 
Chart-XVra 
M"^  608 
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H3CO 
/::\^ocH3 
0CH3 
m/e 311 
H,CO 
+ + 
H3CO H3CO 
OCH3 
m/e 281 
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Biflavanones 
12 83 8^ Jackson et al ' ' have successfully applied mass spectrometry 
to elucidate the structure of biflavonoids of GB-series(XXI) containing two 
flavanone units linked through (1-3, II-8). 
(a) 
(b) 
(c) 
(d) 
(e) 
GB-I 
GB-Ia 
GB-2 
GB-2a 
OH 
(XXI) 
GB-I-Heptamethyl ether 
^1 
OH 
H 
OH 
H 
OCH, 
^2 
H 
H 
OH 
OH 
H 
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All the features observed in mass spectra of biflavonoids of 'GB' 
series and their methyl ethers have analogies with similarly substituted mono-
83 flavanones. The mass spectrum of GB-1 heptamethyl ether (XXIe) showed, 
the presence of ions at m/e 121, \^k, 181, 312 and i*7(>. The presence of 
ions at m/e 15'^  and 181 consistent with fragments; [C^H^{OMe)^OHt and 
[C,H-(OMe)OHCOr respectively, supported the presence of phloroglucinol 
ring system derived from a 5,7-dihydroxyflavanone system. In addition, the 
presence of another ring was suggested by an ion at m/e 121 consistent 
with a (MeO.C,H. CHJ"^ fragment. Mass spectrum also supported the nature 
of the linkage since the fragmentation of molecular ion at m/e 656 can 
be rationalized by RDA reaction of flavanone, first at ring I-C to give a 
fragment ion at m/e U76, followed by a similar fragmentation at ring II-C 
to give an ion at m/e 312. This two stage breakdown fragmentation pattern 
is fully substantiated by the presence of meta-stable peaks. This results 
can only be accommodated by a linkage from the oxygen heterocyclic ring 
I-C to the phloroglucinol ring II-A (Chart-XIX). The production of phloroglucinol 
dimethyl ether at m/e 15'f, a process which is not observed in simple analogous 
flavanones, is probably of thermal origin. Infact phloroglucinol is so readily 
lost from GB flavanones that if the temperature of the ion chamber in the 
mass spectrometer much exceeds the minimum (^200*) for evaporation of 
the sample, there is difficulty in detecting the molecular ion. The thermal 
instability of GB-I was established by heating it in a tube at 280" and from 
the pyrolysis products, phloroglucinol was isolated and characterized. 
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Chart-XIX 
OCH: 
H3CO 
t CH, 
'2 
m/e 121 
OCH3 
m/e I5k 
OCH3 n^  
OCH3 
m/e 164 
H3CO 
H3CO 
OCH3 0 
H3CO 
(XXIe) 
M"^  656 
m/e 476 
H3CO 
OCH, 
m/e 312 
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8^ As suggested by Pelter , the ion at m/e 312 can not be due 
to the formation of apigenin trimethyl either because fragmentation pattern 
below 312 bears no resemblance to that of apigenin trimethyl ether. The 
ions at m/e 180 and m/e 132 which could arise by RDA reaction of apigenin 
trimethyl ether, are entirely absent from the sjjectra of GB biflavanone 
methyl ethers. Further, the alternative isoflavanone-flavanone structure 
(XXXIV) proposed for GB biflavanones was ruled out on the basis of the 
appearance of the ion at m/e 121 in the spectrum of GB-2 octamethyl ether, 
which could only arise from C-2 of a flavanone. 
HgCO 
0CH3 
OCH3 
(XXXIV) 
^1 
0CH3 
H 
OCH3 
H 
^ 
H 
H 
OCH3 
OCH, 
51 
GB- l (methyl ether) 
GB- la (methyl ether) 
GB-2 (methyl ether) 
GB-2a (methyl ether) 
The prominent ions at m/e 180 and 132 noted in the mass spectrum 
of apigenin t r imethy l ether are ent i rely eibsent f rom the mass spectrum of 
GB- l heptamethyl ether. This clearly indicates the unacceptabil ity of Pelter's 
implications. Further, the mass spectra of the parent compounds GB-2 and 
GB-2a (Chart-XX) showed clearly the presence of ions at m/e 107 and 123 
consistent wi th the fragments obtained f rom aromatic rings I-B and II-B 
respectively, GB-2 ini t ial ly loses the elements of phloroglucinol (M-126), 
and then by a RDA process, r ing I I -C and fragments to give an ion wi th 
m/e 296 (and not at m/e 312). Addit ional ly, two successive RDA fragmentations 
around ring I-C and I I-C of GB-2a give an ion at m/e 270 (and not at m/e 
286). This evidence clearly established that the 3,'f-dihydroxyphenyl system 
constitutes ring II-B and not r ing I-B in GB-2 (XXIc) and GB-2a (XXId)^^. 
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Chart-XX 
m/e 123 
I - A | l 
OH 
m/e 126 (100) 
OH 0 
R=OH,GB-2,M"' 571^ 
R=H,GB-2a,M'^558 
OH 0 
R=OH,m/e *i>8 
R=H,m/e *32 
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108 HIGH PRESSURE LIQUID CHROMATOGRAPHY(HPLC) 
HPLC is a relatively new technique, somewhat akin to GLC except 
lOSa.b , 
that the carrier gas is replaced by a solvent or solvent mixture . in 
principle it is ideally suited to the chromatographic analysis (both qualitative 
and quantitative) of non volatile compounds. The full potential of this method 
for the chromatography of flavonoids has not yet been realized but one good 
example of its usefulness has recently appeared. Charalambous et al(I973) 
examined the polyphenols in beer and wine by this method using VIDAC(silica) 
column (Im x 2mm) at liOO psi monitored by a UV detector. The solvent 
systems; hexane followed by methanol-chloroform-acetic acid (30:70:1) and 
hexane<hloroform (1:1), followed by methanol <hlor of or m-ace tic acid (50:50:1), 
were found suitable for the separation of quercetin, kaempferol, catechin, 
catechin gallales, caffeic acid and coumaric acid, with retention times of 
10-20 minutes. 
Advantages claimed for HPLC analysis include(l) short analysis 
time, (II) high resolution, (III) no derivatization required, (IV) no risk of thermal 
decomposition and (V) easy quantification. 
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SYNTHESIS 
The synthesis of the biflavonoids with reduced heterocyclic rings 
introduces problem of stereochemistry which can be expected to offer a 
great challenge to the chemist of the future. However, recently synthesis 
130 
of hepta-O-methyl fukugetin (Chart-XXl) has been reported. A partial 
synthesis of GB-Ia has also been affected. The synthetic approaches to mem-
bers of the biflavone families fall into five distinct categories. 
1. Coupling of two flavone nuclei by UUmann reaction. 
2. Ullmann synthesis of suitably substituted biphenyls and biphenyl 
ethers followed by their hetero-annulation to biflavones. 
3. Wasseley-Moser rearrangement of existing biflavones e.g. interconver-
sion of cupressuflavone and agathisflavone. 
^. Partial methylation and demethylation of natural or synthetic 
biflavones. 
5. Phenol oxidative coupling of flavones. 
1. Ullmann coupling of flavones 
A number of biflavonoids with different interflavonoid linkages 
have been synthesised by the application of Ullmann reaction^^^'^^^. Nakazawa 
accomplished the synthesis of amentoflavone hexamethyl ether by mixed 
Ullmann reaction between 3'-iodo-4', 5,7-tri^-methylflavone (XXXV) and 
8-lodo-if', 5,7-tri-O-methylflavone (XXXVI). Cupressuflavone hexamethyl 
ether was obtained as a by-product and was found indentical with the one 
obtained from natural sources. Later on Seshadri et al^^ have also synthesised 
cupressuflavone hexamethyl ether from 8-iodo-^', 5,7-tri-O-methylflavone 
(XXXVI) under modified conditions of Ullmann condensation. 
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H3CO 
0CH3 0CH3 
OCH 3 0 
H3CO 
OCH^ 
OCH-
(Xh) 
The synthesis of 0-4'-O-n-8) and 0-'f'-O-II-6) linked hinokiflavone 
methyl ethers has been reported by Nakazawa . The permethylated 3'-
nitrobiflavone methyl ethers, the key intermediates, were obtained by conden-
sation of 3'-nitro-'f'-iodo-5,7-di-0-methylflavone(XXXVII) and 8 and S-hydroxy-'t', 
5,7-tri-O-methylflavones (XXXVIll) & (XXXIX) in DMSO in the presence 
of K-CO,. The nitro ethers were reduced by Na-S^O^ in aqueous DMF, 
diazotized and decomposed with 50% H-PO^ to give pentamethyl ethers 
of hinokiflavone (XXIV) and (XXIIlO. 
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HQCO 
OCH3 0 
i^  
OCH3 0 
R^=OH, R2=H 
<ir'\/^ (XXXVIII) 
^ ^ R2=0H, RpH 
(XXXIX) 
OCH3 
OCH: 
X 
II 
of 
o 
II (N 
(XXIV) 
H^CO 
H-jCO 
OCH3 0 
OCH3 0 (XXIIIi) 
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Seshadri et al have reported that demethylation and Wasseley-
Moser rearrangement occurred during Ullmann condensation between 8^odo 
apigenin trimethyl ether (XXXVl) and apigenin-5,7-dimethyl ether (XL) using 
activated copper bronze and K-CO, in isoamylalcohol to give natural hinoki-
flavone pentamethyl ether and cupressuflavone hexamethyl ether, after methy-
lation of the reaction product (Chart-XXI). 
Chart-XXI 
H3CO 
OCH: 
1. Ullmcinn reaction: Cu-bronze; K_CO- in 
isoamyl alcohol; reflux. 
2. Remethylation of crude partially 
demethylated product using 
Me- SO^/K-CO, in acetone. 
OCH3 
(XXlIIi) 
OCH3 
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2. UUmann syntiiesis of Biflavones via Biphenyl and Biphenyl ether 
precursors. 
Mathai and Coworkers first introduced this approach to the 
synthesis of biflavones in 196^ *. However, none of the biflavones prepared 
by them occurs naturally. Ahmad and Razaq realised the potential of 
the method and have successfully synthesised the hexamethyl(Xh) and tetra-
methyl(Xf) ethers of cupressuflavone(Xa) as shown in Chart-XXII, the method 
involved Ullmann coupling between two molecules of I-iodo-2,'f,6-trimethoxy 
benzene (XLI) to form a biphenyl system (XLII) as the first step. Subsequent 
Friedel Craft's acylation, partial demethylation and condensation with anisalde-
hyde gave a bischalcone (XLIII). Oxidative cyclization of bischalcone by 
Se02 gave cupressuflavone hexamethyl ether (Xh) which on partial demethy-
lation was converted into cupressuflavone tetramethyl ether(Xf). 
Chart-XXn 
OCH. 
OCH3 
OCH3 
HoCO 
OCH3 
OCH3 
OCH: 
(XLI) (XLII) 
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0CH3 OCH^ 0 
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>-0CH3 
BCI3 
O" 
OCH3 0 
H3C0 
OCH3 
OCH3 
(Xh) 
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Later on Kawano et al have also used the same method for 
the synthesis of agathisflavone hexamethyl ether (Xlf) and cupressuflavone 
hexamethyl ether(Xh). From the Friedel Craft's acylation of (XLII) with 
acetylchloride and aluminium chloride in diethyl ether, the two compounds 
(XLIV) and (XLV) could be isolated. Subsequent acylation of these compounds 
with p-anisoylchloride, Baker - Venkataraman rearrangement and ring closure 
gave cupressuflavone hexamethyl ether(Xh) and agathisflavone hexamethyl 
ether (Xlf) respectively. 
OCH3 OCH3 
H,CO 
(XLIV) 
(Xh) 
H3CO 
H3CO 
(XLV) 
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The structure of ochnatlavone as 1-4', 1-5, II-5, 1-7, II-7 pentahydroxy 
0-3'-O-II-4') biflavone (XXVIa) was confirmed by the synthesis of its methyl 
19 
ether (XXVIe) using diphenyl ehter dicarboxylic acid chloride (XLVI) 
and O-hydroxy phloroacetophenone dimethyl ether in the following way. 
(XLVI) 
H,CO 
+ 2 
3^^V^:^\^H 
^ 
6CH3 0 
CH: 
OCH3 0 oco. 
H,C-C 
3 11 
,OCH: 
OCH-
H3CO 
(XXVIe) 
OCH3 
OCH3 
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The alternative structure (XLVIII) suggested for ochnaflavone 
.19 methyl ether was also synthesised in the same way using the isomeric 
diphenyl dicarboxylic acid chloride (XLVII). 
(XLVII) 
OCH, 
H3CO 
OCH3 
OCH3 
(XLVIII) OCH3 
136 Konoshima et al have reported the synthesis of 11-3', I-^t', 
Il-'f', 1-5, II-5, 1-7, II-7-hepta-O-methyl flavone fl-3, II-8) flavone (hepta-O-methyl 
fukugetin) (LI) and its dehydrogenated derivative (hepta-O-methyl Saharanflavone) 
(Chart-XXIII). 
8-Chloromethyl luteolin tetramethyl ether (XLIX) was converted 
into the acid chloride, its ester if ication with phloroglucinol dimethyl ether 
and subsequent Fries rearrangement gave the required ketoflavone (L). This 
wcis condensed with anisaldehyde and cyclisation of the resulting chalcone 
gave (±) hepta-O-methyl fukugetin (LI). Cyclisation of (L) with anisic anhydride 
and sodium anisate (Allan-Robinson method) or dehydrogenation of (LI) with 
iodine-potassium acetate gave hepta-O-methyl Saharanflavone (LII). 
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0CH3 CharV-XXm OCH-
OCH. 
Chlor omethy lation 
OCH3 
OCH3 
HO M 0 N ^ ^ X V ; ^ ^ UC H3 
OCH3 0 
1. KCN/CgH^ 
2. Hydrolysis 
3. SOCl 
(XLIX) 
OCH: 
1. Esterification 
2. Fries Rearr-
angement 
1. Condensation 
2. Cyclisation 
H^CO 
OCH3 0 
(LID 
64 
3. Wesseley Moser Rearrangement 
The Wesseley Moser rearrangement which attended Seshadri's 
synthesis of hinokiflavone pentamethyl ether (Chart-XXI) has been put 
63 to beneficial use by pelter et al for the synthesis of agathisflavone hexa-
methyl ether. Pelter et al treated (±) cupressuflavone hexamethyl ether 
with hydroiodic acid in acetic anhydride at 130-1'tO'' for 8 hours (typical 
Wesseley Moser conditions) after which the reaction was worked up and 
remethylated to give a mixture of (±) agathisflavone hexamethyl ether and 
(±) cupressuflavone hexamethyl ether in the ratio 3:2 (w/w). The conversion 
constituted the first preparation of a member of the agathisflavone family. 
Benzene induced NMR solvent shifts were used to verify the linkage positions 
in agathisflavone (XIa) and cupressuflavone (Xa). 
4. Partial demethylation and Methylation of Natural and Synthetic 
Biflavones. 
A leirge number of partial methyl ethers of cupressuflavone and 
agathisflavone have been prepared by the controlled demethylation of cupressu-
65a f lavone hexamethyl ether. In the initial study Seshadri et al obtained only 
the dimethyl and tetramethyl ethers of cupressuflavone. However, repetition 
137 
of the reaction by Rahman et al showed that there is an added complication, 
for the Weseley Moser rearrangement accompanies demethylation yielding 
derivatives of both agathisflavone and cupressuflavone. The O-methyl deri-
vatives of agathisflavone have not been fully characterized but on remethy-
lation, they all give agathisflavone hexamethyl ether. Agathisflavone 
hexamethyl ether subjected to the same demethylation conditions gives 
an identical mixture of O-methyl derivatives. From this study it is con-
cluded that demethylation follows the sequence C-5, than C-M' and finally 
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C-7, precisely the sequence is observed for apigenin trimethyl ether. Partial 
methylation of cupressuflavone with 5.5 equivalents of dimethyl sulphate 
has been used by Seshadri et al to obtain the tetra (Xf) and penta(Xg) 
methyl ethers of cupressuflavone. The O-methyl derivatives of amentoflavone 
and hinokiflavone (I-4'-0-II-6) have also been obtained by partial demethylation 
of corresponding biflavone methyl ethers. 
5. Phenol Oxidative coupling 
Of all the methods discussed, the dimerisation of apigenin and 
the derivatives by oxidative coupling offers the most stimulating and aesthe-
tically pleasing route to the biflavones, since it most closely follows the 
process which is believed to occur in nature. The application of phenol oxidative 
coupling to synthetic chemistry has, therefore, been extensively studied 
It has been experimentally esteiblished in the phenol oxidative mechanism. 
The phenolate ion is oxidised, by an electron oxidant like ferric chloride 
or potassium ferricyanide, to a phenoxy radical. 
Aro" + [Fe(CN)^]^':^=^ Aro + [Fe(CN)^f" 
The free electron in the phenoxy radical may be shown at various 
places by monomeric effect. The free radicals are then coupled rapidly and 
irreversibly under kinetic control, by three of the many modes of dimerisation 
theoretically possible. 
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(i) Homolytic coupling 
2ArO* > (ArO)2 
(ii) Radical insertion 
ArO* + ArO" >(ArO)2 
(iii) Heterolytic coupling 
-e 
ArO* > ArO"^  
ArO' + ArO"^ > (ArO)2 
It is reasonable to assume that coupling occurs fastest at the 
positions of highest density of the free electron except where there is steric 
hindrance of approach. 
The parent biflavone together with their various 0-methyl ethers 
exhibit either C-C or C-O-C linkage between the flavonoid units which might 
be expected to arise through oxidative coupling of an apigenin derived radical 
(LIII) or (LIV). 
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OH 0 
OH 0 
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Molyneux et al^^ have investigated the oxidative coupUng of 
apigenin using alkaline potassium ferricyanide and isolated two biflavones, 
(LV) and (LVI) with interflavonoid Unkages (1-3, II-3) and (1-3, II-3') respectively, 
out of these two, later one has been isolated from Taiwania cryptomeroids. 
(LV) (LVI) 
The synthetic compounds-(LV) and (LVI) appear to arise presumably 
by appropriate spin-pairing of the mesomeric radical (LIU), although none 
of the symmetrical (1-3', II-3') linked dimer, which might also be expected 
to be formed, could be isolated. These observations are consistent with the 
findings of Kunnle et al who studiecj the electron spin resonance spectra 
of flavonoid anion radicals (derived from polyhydroxyflavones and having 
a 5-hydroxy function) and concluded that the delocalisation of an unpaired 
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electron initially generated at the C-'t' hydroxy group in apigenin occurs 
in ring-ft and -C (LIII). Thus, inorder to achieve an interflavonoid linkage 
73 to nng-A, Molyneux et al believed that a radical initially generated at 
C-^ '^ in apigenin and delocalised, attacks electrophilically the electron rich 
C-6 or C-8 positions of the phloroglucinol ring of an intact apigenin molecule 
i.e. radical substitution occurs in preference to radical pairing. 
Seshadri et al have carried out oxidative coupling of apigenin-'f',-
7-dimethyl ether with ferric chloride in boiling dioxan and isolated a dimer 
in 6% yield whose properties suggest that it is either C«-C„ (Xh) or C^-C, 
coupled biflavone. 
H3CO 
(LVII) (LVIII) 
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142 On the basis of these findings Seshadri et al , have suggested 
that when hydroxy groups are protected by methylation (leaving only the 
5-OH group free), dimerisation takes place through 6-or 8-positions of A-rings. 
It is reasonable to expect that in nature adequate mechanism is available 
for protecting the hydroxyl groups and bringing about the coupling through 
the positions in A-rings. 
More recently Parthasarthy et al have reported the syntheses of 
hexa-0-methyl-6,6"-biapigenin and Khan et al ' have reported the syntheses 
of methyl ethers derivatives of 6,6"-biapigenin, 6,6"^is isof lavone, 6,6"-bis dihydro-
flavonol and the 6,6"-bischrysin tetramethyl ether by oxidative coupling 
of phenolic ketone with FecL-DMF. 
CHAPTER 1 
D I S C U S S I O N 
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ATTEMPTED SYNTHESIS OF 3,3-LlNKED BIFLAVONOIDS 
The biflavonoids discussed so far are diphenyls or diphenyl ether 
types involving positions 3,6,8,3'j^f'. The symmetrical skeletons are known 
only in the 6,6 or 8,8 biflavones (succedaneaflavone and cupressuflavone). 
In quite few of these 3 position is linked with 8 position. 
However, recent work heis shown that there are certain compounds 
in which the 3 positions of the two C. , units are directly linked. Brackenin 
(LIX) a new dimeric dihydrochalcone isolated from Brackemidgea zanguetxirica 
has been shown to consist of two dihydroisoliquiritigenin units joined by 
a carbon to Ceirbon link between the two ^-carbon atoms. 
Ikii 
(LIX) 
52 Subsequently it was shown that roots of SteUera chamaejasme L. 
contain C-3 linked biflavanones, NeochamaejasmineA(LX)/^eochamaejasmine 
B (LXI), Chamaejasmine (LXII) and Isochamaejasmine (LXIII). The structures 
of these compounds were established on the basis of both spectral and chemi-
cal evidence. 
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(LX) 
(LXI) 
(LXII) 
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(LXIIl) 
There has been no serious work on the synthesis of these 
compounds however a solitary report by Moiyneux et al who investigated the 
oxidative coupling of apigenin with alkaline potassium ferricyanide, .suggests 
the formation of a small quantity of 3,3rlinked biapigenin (LV) alongwith 
3,3'-linked conipound (LVI). However, this has hot been confirmed by any 
other worker. 
(LV) 
(LVI) 
While extensive work has been done on the synthesis of other 
types of bifiavonoids, not much work has been reported on the synthesis 
of 3,3-linked bifiavonoids and we therefore, undertook these studies and 
attempted the syntheses of 3,3-linked bifiavonoids. 
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As a model compound we thought it worthwhile to attempt the synthesis of 
the corresponding resorcinol based 3,3-linked biflavone. First step in the 
envisaged scheme was the condensation of (LXIV) with (LXV) to yield (LXVI) 
which could then be suitably manipulated. 
(LXIV) 
in 
8 
+ 
C 
o 
+^  
«J 
I/) c 
II 
x> 
c 
o 
u 
CH2CN 
CH2CN 
(LXV) 
(LXVI) 
But this reaction did not give the desired diketone (LXVI) and 
gave the following propionic acid derivative (LXVII). 
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The above propionic acid derivative was also synthesised by reacting 
resorcinol with succinic emhycfride by Friedel Creifts method. 
Inspite of several modifications in reaction conditions attempted, we 
could not obtain the desired diketone (LXVI). Additional interest in the synthe-
sis of this diketone was its occurrence in nature reported recently by Asif 
Zaman et al , who have not p>rovided any synthetic confirmation of its 
structure. 
We tried to synthesise (LXVI) by Friedel Crafts method by reacting 
(LXVII) with resorcinol (LXIV) in presence of AlCl,. This reaction also did 
not yield the desired product. However successful results were obtained 
by condensing (LXIV) and (LXVIII) [(the methyl ester monomethyl ether of 
(LXVII)]in the presence of a mixture of AlCl, and NaCl. By painstaking 
control of the experimental conditions, a product could be obtained in reason-
able yield, which however could not be crystallised. Hence it weis isolated in the 
form of its dimethyl ether (LXIX) by methylating with diazomethane. However, 
methylation with dimethyl sulphate gave the trimethyl ether (LXX). 
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(LXVII) 
"'XX. 
(LXVIII) 
. OH (LXIV) 
0 
(LXIX) 
^ f Ace No. 
^\ T3^2Z 
H0v^:::x^cH3 
' - . ~^^ 
^ -ij I^'^-UMU^.M'^-
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After the synthesis of (LXIX), the proposed plein of work for the 
synthesis of the 3,3-linked biflavonoids involved the internnediates, the bis-
chalcone (LXXI), the bisflavanone (LXXII) and finally the bisflavone (LXXIII) 
through the following route. 
H H 0 \ ^ ' : v ^ 0 C H 3 
0 0 
(LXIX) 
X 
o 
t 
CHO 
OCH-
0 \ , . - ^ ' ^ N ^ . ^ H 3 
(LXXII) 
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In another parallel set of experiments, an attempt weis made to 
condense veratraldehyde with the diketone to give the intermediate bischalcone 
(LXXIV) and the bischalcone cyclised and oxidised to give the bisflavanone 
(LXXV) and the bisflavone (LXXVl) respectively. 
(LXXV) 
0 N ^ - ^ ^ X / 0 C H 3 
\ ^ 
.OCH3 
(LXXVI) 
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However, both the schemes had to be abandoned as benzaldehyde 
and veratraldehyde could not be condensed wi th the diketone dimethyl ether 
(LXIX) to give the intermediate bischalcones. 
An alternative method of synthesising the biflavonoids was therefore 
at tempted. The p>roposed line of action was as fol lows. 
H,CO 3 ^ 0 \ ^ ' ; : ^ ^ 0 H W^^^<:::;^^0CH3 
H3CO 
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Another series of reactions was proposed with veratroyl chloride 
also in order to obtain the following intermediates and the biflavonoid (LXXVI). 
However these reactions did not proceed exactly in the proposed 
way. The details and deviations in the reactions are given in the succeeding 
pages. 
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Synthesis of &-(2-hydroxy-4-inethoxy benzoyl) propionic acid methyl ester (LXVDO 
^-(Zjif-dihydroxy benzoyl) propionic acid (LXVII), synthesised by 
Friedel—CredIs reaction following the method of Desai and Schroff ,was 
methylated with dimethyl sulp>hate as well as diazomethane to give a colour-
less compound (LXVIII), m.p. 90-92'. 
The NM R spectrum of this compound showed two triplets centred 
at S 2.8 and S 3.35 each integrating for 2 protons forming an A_X_ system. 
There was a methoxyl signal at % 3.85 and a signal for methyl ester grouping 
at %3.95. Besides these a 2 proton multiplet centred at ^6.5 and a one proton 
doublet centred at ^ 7.7 (3=9H ) were present. These data confirmed the 
structure of this compound as B-(2-hydroxy-'t-methoxy benzoyl) propionic 
acid methyl ester as given below. 
.OCH3 
(LXVIII) 
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Synthesb of compound No. (LXIX) 
It was synthesised by heating a mixture of B-(2-hydroxy-'t-methoxy-
benzoyl) propionic acid methyl ester (LXVIII) and resorcinol (LXIV) with 
a previously heated mixture of anhydrous aluminium chloride and sodium 
chloride on an oil bath. A brownish green product was so obtained. Inspite 
of considerable efforts, it could not be crystallised. It was therefore converted 
into its acetyl derivative by treating with acetic anhydride and pyridine. 
The acetyl derivative was purified first by column chromatography and then 
by fractional crystallisation to give a compund, m.p. 183-85", which did 
not give a ferric colour reaction. Another compound, m.p. 85-87° was obtained 
from the mother liquor which was amorphous in nature. A careful analysis 
of the NMR data of the former compound showed it to be a hexa acetate 
(LXXXI) while the latter compound on the basis of NM R data was identified 
as penta acetate (LXXXII), which showed that the compound (LXIX) is a 
diketone. 
In another experiment, the crude diketone (LXVI) was methylated 
with diazomethane to give the dimethyl ether (LXIX) of the diketone, m.p. 
200-202". The structure of the dimethyl ether of the diketone (LXIX) was 
also established by the analysis of the NM R data. 
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A STUDY OF THE STRUCTURES OF THE ACETYL DERIVATIVES (LXXXD & (LXXXn) 
Acetyl derivative (LXXXI) 
The NMR spectrum showed a symmetrical structure. There were 
3 acetoxyl signals of equal intensity at & 2.19, % 2.25 and g 2.30. In the aromatic 
region there was a typical pattern characteristic of 1,2,'f-trisubstituted aro-
matic ring. The lowest field signal centred at % 7.5 as a doublet (3=8H2) 
can be ascribed to H-6 of the resorcinol ring which is only coupled to its 
ortho neighbour H-5. H-5 eippeared as a double doublet centred at S 7.03 
(3=8Hz, 2Hz) due to coupling with both H-6 and H-3. H-3 appeared as a 
meta coupled doublet at S 6.9 (J=2Hz) due to coupling with H-5. Besides 
these there was a sharp singlet at S 6.25 integrating to two olefinic protons. 
This signal along with the extra acetoxyl signal led to the conclusion that 
the product is the symmetrical hexa acetate as shown by the following structure. 
HONA 
^yr^oh 
AcO \ ^ ^ < ^ v ^ Q A c ^£6L25 A C O V ^ X ^ ^ X A ^ O A C 
^ "5 
6 
OAc OAc 
r 
(LXXXI) 
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Acetyl derivative (LXXXU) 
The NMR spectrum showed an unsymmetrical structure. There 
were five acetoxyl signals between S 2.19— 8 2.32 and a methylene signal 
at S 3.27. In the low field aromatic region, there were two doublets of equal 
intensity integrating to one proton each showing ortho coupling ?> 7.6 and 
S 8.0 (3=8Hz). There was a one proton singlet at g 6.'f. Remaining aromatic 
protons appeared as a complex multiplet centred around ?> 7.1 which could 
not be analysed. These data are consistent with the p>enta acetate structure 
(The extra acetylation comes by enol acetylation). 
HO \ / < : : N ^ H 
"O-N^^^^^N^ OH 
AcO 
36 
Diketone dimethyl ether (LXIX) 
The NMR spectrum showed an ortho coupled one proton doublet 
at & 7.9 (3=8Hz) and a two proton multiplet at S 6.6. Besides these there 
was a singlet integrating for 3 protons at ^ 3.9 for a methoxyl function and 
a singlet integrating for two protons at S 3.5. There was a chelated proton 
signal at ^ 12.6. Thus the product appears to have a symmetrical structure 
and is consistent with the structure (LXIX). 
.OCH3 
(LXIX) 
The above structure was further supported by the mass spectral 
data. There was a M-1 peak at m/e 329 and two other prominent peaks 
at m/e 179 and m/e 151. The fragmentation pattern is shown in Chart-XXIV. 
Chart-XXIV 
87 
H,CO 
. 0 0 
(M ), m/e 330 
(peak not observed) 
+ 
C=0 
m/e 151 0 0 
(M-1) m/e 329 
m/e 179 
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Diketone trimethyl ether (LXX) 
The diketone (LXVI) was converted into trimethyl ether (LXX) 
by refluxing with dimethyl sulphate in acetone containing anhydrous K2CO, 
for a period of S hours. After usual work up the product was obtained as 
a light yellow compound, m.p. 158-60°. 
The NMR spectrum of this compound showed that it is unsymmetri-
cal. Firstly there was a singlet for one-OCH, at S 3.85 and a singlet for 
2-OCH, at S 3.92, thus indicating that the compound is a trimethyl ether. 
There was a multiplet centred around £ 3.'f5 for f^ protons arising from two 
nearly equivalent methylene groups. In the aromatic region there was a multi-
plet for i* protons centred at S 6.6. eind two 1-proton ortho coupled doublets 
around S 7.9 for the two aromatic protons ortho to the two carbonyl groups. 
The -OH protons could not be picked out because of the TFA used in the 
solvent CDC1-. Thus the compound has the following structure (LXX). 
. _ . ™ ^ . 
(LXX) 
Further support for this structure was obtained by mass spectral 
studies. In the mass spectrum there was the molecular ion peak at m/e 3^^. 
The other significant peaks were at m/e 193, m/e 179, m/e 151 and m/e 
165 shown by the fragments (a), (b), (c) and (d). 
The fragmentation pattern is shown below in Chart- XXV 
Chart-XXV 
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0 0 
(M""), m/e 3kit 
m/e 151 (c) 
OCH3 
OCH: 
m/e 193 (a) 
OCH: 
m/e 179 
HO 
HjC 
Y^^^3 
m/e 179 (b) 
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Synthesis of l,4-bis-(2-benzoyk»y-4-methoxy) butanedione (Bisester) (LXXVn) 
The diketone (LXIX) was converted into the bisester (LXXVII) 
by refluxing for nearly thirteen hours with benzoyl chloride in acetone contain-
ing einhydrous K_CO-. The product was treated with aqueous 5% Na^ CO, 
solution to remove benzoic acid formed during the reaction. The carbonate 
insoluble fraction was crystallised to give compound (LXXVII), m.p. I'fS-^O". 
The NMR spectrum of this product showed that the molecule 
is symmetrical as exf>ected for the bisester. The hydrogens of the two methy-
lene groups gave a singlet at S 3.25 and the two methoxyls at 8 3.9 as a 
singlet. The aromatic protons formed a multiplet from S 6.7- ?> 8.2. Of these, 
the high field signal between S 6.7— & 7.0 can be ascribed to H-3 and H-5 
of the two resorcinol moieties and the lowest field signal around S 8.2 to 
the H-6 of the same resorcinol moieties. The signals between S 7.2 to 
^ 8.0 obviously arise from the benzoyl units. All the above data fit in the 
structure of the compound as given below. 
(LXXVII) 
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Attempted syntheas of bis-^-diketone (LXXVin) from l,ihbis-{2-bcnzoy]oxy-
fMnethoxy) butanedione (LXXVn) 
The bisbutanedione derivative (LXXVII) was subjected to B.V. 
rearrangement by heating with pyridine and KOH under cinhydrous conditions 
when a pale yellow compound, m.p. 162-6'f° was obtained. 
The NMR spectrum of this product showed two closely placed 
signcils for methoxyl function at & 3.75 and S 3.8, indicating slight non equiv-
alence between them. In the aromatic region there were signals only for 
12 hydrogens. Thus it appeared that the compound has an unsymmetrical 
structure. In view of the above observations, the NMR spectrum could be 
interpreted on the assumption that only one of the two benzoyl ester moieties 
has undergone B.V. rearrangement, while the other ester moiety has been 
hydrolysed leading to the following structure (LXXXIII) or any of its tautomers 
(vide supra). 
HoCO 
(LXXXIII) 
92 
Thus the double doublet signal centred at S 6.3 (J=8,3H2) and 
another double doublet signal, centred at g 6.6 can be ascribed to 5,5' hydrogens. 
A doublet signal (J=3Hz) and an unresolved peak (closely packed) centred 
at S 6.5 integrating for 2 protons can be ascribed to H-3 and H-3'. Besides 
these there were a singlet centred around S 6.9 for one proton and a multiplet 
for 3 protons at S 7.35 and another multiplet centred at S 7.65 for f^ protons. 
The last of these obviously includes signals from H-6 and H-6' and H-2" 
and H-6". The three proton multiplet arises from H-3", V, 5" of the benzoyl 
moiety. There was no signal corresponding to methylene groups. Hence, a 
tautomeric structure is more likely and it appears that the methylene group 
is probably enolised as in the following structure (LXXXIV) and the olefinic 
proton signal is located at 8 6.9. 
OH"""««b 
(LXXXIV) 
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CycUsation of the B-diketone (LXXXIV) 
CycUsation of the ^-diketone (LXXXIV) was attempted by ref luxing 
the compound in glacial acetic acid with fused sodium acetate and in another 
experiment with glacial acetic acid and HCl. However, both these reactions 
did not succeed and finally cyclisation was done by heating the compound 
in a dry test tube in an oil bath. 
The NMR spectrum of the cyclised product could be interpreted 
in terms of the following two alternative structures (LXXXV) and (LXXXVI). 
The NMR spectrum showed two non-equivalent methoxyls at 
S. 3.8 and 8 3.9 and agnals from 12 protons in the aromatic region. 
In terms of structure (LXXXV), the 6 signals could be recognised 
as arising from the two resorcinol moieties, thus the meta coupled signals 
at g 6.5 and S 6.75 can be ascribed to H-3 and H-3', while the two double 
doublets at ^ 6.6 and S> 7.0 to H-5 and H-5'. The ortho coupled doublets 
at S> 1.15 and ?> 8.2 obviously arise from H-6 and H-6', the low field signal 
being more consistent for H-6. Besides these a three proton multiplet centred 
at g 7.25 and a two proton multiplet centred at ^ 1A5 can be ascribed to 
the 5 protons of the unsubstituted phenyl ring. A singlet at g 6.95 for one 
proton possibly is due to the olefinic proton leading to the structure (LXXXV). 
Alternatively the data could be interpreted in terms of structure 
(LXXXVI) with the revised assignments as shown in the formula (LXXXVI). 
As this compound gave a positive Mg/HCl test, characteristic 
of flavones, hence the structure (LXXXV) is more likely for this compound. 
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&7.75 
(LXXXV) g,7o 
CH3 
A further support in favour of structure (LXXXV) was obtained 
on the basis of the UV data. The UV spectrum showed the mclxima at 2't7, 
305 and 358 nm. It is well known that 3 substituted flavones show band I 
beyond 330 nm and this favoured structure (LXXXV). Alternative structure 
(LXXXVI) was not expected to have an absorption at 358 nm. 
HgCOv^ 
S6.6 
S7.75 ^ 7 0 
/ \ \ _ 0 C H , 
r 6 9 5 / „ S . 7 5 
(LXXXVI) 
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ONE STEP CONDENSATION OF (LXIX) WITH BENZOYLCHLORIDE 
In order to synthesise the bisflavone (LXXIII) directly starting 
from the diketone dimethyl ether (LXIX), the diketone was refluxed with 
benzoyl chloride in presence of K- CO, in acetone solution, under anhydrous 
conditions for a period of 26 hours. The product was isolated as yellow colour-
ed solid, m.p. 208-210". 
Its UV spectrum showed 3 absorption maxima at 231.2 nm, 276.8 nm 
and 319.6 nm. The absorption maxima at 231 nm, may be ascribed to the 
substituted benzoyl moiety cind the maxima at 319.6 nm to the cinnamoyl 
moiety. However, it did not answer Mg/HCl test for flavonoids ruling out 
structure (LXXIII). 
The NMR spectrum showed a methoxyl signal at S 3.7. In the 
aromatic region there were three separate signals arising from the protons 
of the trisubstituted benzene ring a meta split doublet at S 6.35 and double 
doublet (3=8,3Hz) at £> 6.7 and an ortho split doublet at S 8.25. The location 
of the last signal suggested that this proton is deshielded by a carbonyl 
group in the ortho position. Besides these there Wcis a multiplet for protons 
of the unsubstituted phenyl ring. There were no other signals arising from 
protons attached to any aliphatic carbon. Out of the structures (LXXXVII) 
and (LXXXVIII) which can arise by alternate cyclisation, (LXXXVIII) is more 
preferred for reasons already mentioned. 
The above structure is supported by mass spectrum which showed 
the molecular ion peak at m/e 520. The base peak in the spectrum was at 
m/e 151 corresponding to 2 hydroxy ^-methoxy benzoyl cation. Together 
with the NMR evidence adduced, the structure (LXXXVIII) is more in accord 
with these observations. 
% 
CgH^COCl 
(LXXVIIO 
OH OH 
enoJic form 
(LXXXVII) 
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Preparation of bisester (LXXIX) 
In another set of experiments the diketone (LXIX) was treated wi th 
veratroyl chloride in acetone solution containing anhydrous K - C O , . Usual 
work up of the react ion mixture gave the bisester, m.p. 21^0-1^2". 
The NMR spectrum of the compound showed a symmetrical struc-
ture wi th 3 methoxyl signals at S 3.85, S 3.92 and S 3.96 each integrating 
for 6 hydrogens and a singlet for ^ hydrogens at S 3.21. In the aromatic 
region there were signals from S 6.6— S 7.9 in three di f ferent regions. The 
highest f ie ld region centred at S 6.8 arises f rom the two resorcinol r ing 
protons ortho to the methoxyl. The signal centred at S 7.3 arises from H-5 
of the two veratroyl moieties. The lowest f ie ld signals comprise of 3 pairs 
of protons ortho to the carbonyl. These data f i t in the following structure 
of bisester. 
X 
o o 
He 
Hd 
^ ^ C ^ O J^ OCH 
(LXXIX) 
The mass spectrum did not show the expected molecular ion pecik at 
m/e 658, however two prominent peaks at m/e 't9'f and m/e 330 arise by 
loss of acyl group w i th hydrogen transfer. Thus m/e ^9'f corresponds to mono-
ester and m/e 330 corresponds to start ing ketone. 
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In the low mass region, there were peaks at m/e 151 and nn/e 
165 corresponding to acylium ions (a) and (b). 
The fragmentation pattern is shown below in chart-XXVI. 
Chart-XXVI 
m 
X 
o 
m 
X 
o o 
"^ v^^ V^ ' 
m 
X 
o 
O 
(M^), m/e 658 
(peeik not observed) 
OCH^ K 
H3C0 
m/e 151 (a) 
H3C0\ 
OCH-
OCH-
m/e 165 (b) 
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Attempted preparation of bis-p-diketone (LXXX) 
The bisester (LXXIX) was subjected to Baker Venkataraman rearrange-
ment by treatment with powdered KOH and pyridine. Usual work up of the 
reaction mixture gave a pale yellow compound which was purified by column 
chromatography to yield a pure material (LXXXIX), m.p. 182-8't°. 
The NMR spectrum of the compound showed ^ methoxyls as 3 
peaks at S 3.79 (3H), S 3.84 (3H), S 3.91 (6H) and a singlet at S ^f.lS for 
a methylene group. In the aromatic region there were two doublets for one 
proton each at S 8.12 (3=8.5Hz) and £ 7.79 (J=9.5Hz). These two obviously 
arise from protons ortho to a carbonyl function and the lowest field one at 
& 8.12 is more reminiscent of H-5 of benzopyrones. There were unresolved 
multiplets from & 6.9 to ^ 7.2 for five aromatic protons and there was a 
two proton signal between S 6.** and g 6.5 reminiscent of H-6 and H-8 proton 
signals of 7-hydroxy flavone derivative. Besides these there was a chelated 
proton signal at &10.6 for a chelated hydroxyl. This data can be accommodated 
by the following structure. 
OCH3 
( LXXXIX) 
The mass spectrum of the compound also supported the above 
structure. The molecular ion peak was observed at the expected m/e 476. The 
other prominent peaks were observed at m/e 326, 325, 175 and 151. 
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The peak at m/e 325 arises by the loss of 151 from the molecular 
ion and hence can be formulated as (flavone + CH_) peak ion (b), m/e 326 
possibly cirises by transfer of hydrogen and can be formulated as shown ion 
(c), m/e 175 obviously arises of RDA of ion (b) and hence can be formulated 
as ion (d). 
The fragmentation pattern is shown below in Chart-XXVII. 
Chart-XXVn 
OCH, 
0 (M^), m/e i^7G 0 
9^^3 (LXXXIX) 
.OCH3 
HoCO '' m/e 325, i on (b) 
OCH: 
^3^°\^^;::;N^OH 
m/e 151, ion (a) .9, 
0CH3 iL 
.0CH3 
m/e 175, ion (d) 
m/e 326, ion (c) 
Obviously in the B.V. rearrangement of the bisester, one acyl 
group of the bisester has not undergone B.V. rearrangement but has been 
hydrolysed to give the above product (LXXXIX). 
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Preparation of Flavone (XC) 
The product f rom B.V. rearrangement wi thout further puri f icat ion 
was subjected to cycl isation as such by refluxing in glacial acetic acid wi th 
fused sodium acetate. Usual work up of the reaction mixture gave an additional 
product (XC), m.p. 135-37° in sparing yield which was amorphous in nature. 
I t was TLC pure. 
The NMR spectrum showed unsymmetrical structure. In the methoxyl 
region there were 5 peaks at & 3.79 (3H), S 3.80 (3H), S 3.83 (6H), S 3.87 (3H) 
and & 3 . 9 1 (3H) integrat ing for 6 methoxyls. 
In the aromatic region there were signals for 12 protons. The 
two lowest f ie ld doublets centred at S>8.1 and ^ 7 . 8 (3=8Hz) each integrating 
for one proton represent aromatic protons ortho to the carbonyl group. This 
again supported the unsymmetrical nature of the compound. Of these two, 
the lowest f ie ld doublet at S 8.1 is more, reminiscent of a H-5 of f lavone. 
This indicates successful cyclisation of one of the two moieties. The other 
doublet obviously arises f rom the corresponding proton f rom the second moiety. 
The doublet at S 7.6 integrating for two protons (3=8Hz) arises from the 
H-6 of the two veratroyl units. The remaining protons gave a complex set 
of signals centred around S 6.5, S 6.9 and S 7.3, which could not be analysed. 
On the basis of these data the fol lowing may be the structure of the comp>ound 
(XC). 
OCH3 ^ -^H^CO 
(XC) 
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ATTEMPTED SYNTHESIS OF PHLOROGLUCINOL BASED i3iINKED 
BIFLAVONOIDS 
While the work mentioned in the previous pages was in progress, 
a parallel series was initiated with the above objective. For this purpose 
we synthesised trihydroxy benzoyl propionic acid (XCII) which was converted 
into its dimethyl ether methyl ester derivative (XCIU). We attempted to 
condense this with phloroglucinol in order to obtain the diketone (XCIV), 
which could then be processed for the corresponding 3i>-linked biflavone. 
However, the reaction was unsuccessful and the diketone (XCIV) could not 
be obtained and hence further work had to be given up. 
H O Y - - ' ' ^ ^ ^ ^ H CH r,^  ZnaJHCl HO 
4- I CHjCN 
)H 
( XCI ) (LXV ) 
H g C O v ^ ^ ^ H 
OCH3 
OCH3 0 0 
(xcni) 
(XCIV) 
We describe below the synthesis of trihydroxy benzoyl propionic 
acid (XCII) and its dimethyiether methyl ester derivative (XCIII). 
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Synthesis of^^2-hydrQxy-4,6-dimethoxy benzoyl) propionic acid methyl ester-
(xcm). 
^-(2,'f,6-trihydroxy benzoyl) propionic acid (XCII) was prepared 
by Hoesch condensation of phloroglucinol (XCI) with succinonitrile (LXV) 
in sodium dried ether in presence of fused zinc chloride by passing dry HCI 
gas. The ketimine hydrochloride obtained in this way on hydrolysis with boiling 
water gave^^-(2,4,6-trihydroxy benzoyl) propionic acid. Its ^tjS-dimethyl ether 
methyl ester derivative, as colourless needles (XCIII), m.p. 85-87" was obtained 
by refluxing with dimethyl sulphate in dry acetone containing anhydrous 
K2CO^. 
The NMR spectrum of the compound showed two triplets centred 
at cP 2.65 and o 3.35 each integrating for 2 protons forming an A_X_ system. 
There were two methoxyl signals at ^3.70 and o 3.81 and a signal for methyl 
ester grouping at S 3L86. Besides these there were present two meta coupled 
doublets centred atcS^5.91 and(^6.05 (3=2.5 Hz). 
These data confirmed the above structure (XCIII). 
The NMR spectra were recorded in CDCl^ from Regional Sophisti-
cated instrumentation centre, central Drug Research Institute, Lucknow on 
perkin Elmer R-32 (90 MHz), varian CFT-20 and Bruker WM t^OO CtOO MHz) 
instruments respectively. The S values are expressed as ppm from tetramethyl 
silane as internal reference. 
The mciss spectra were recorded from Regional Sophisticated 
instrumentation centre, CDRI, Lucknow on 3eol JMS-D300 instrument. UV 
and IR spectra were recorded from Hamdard College of Pharmacy, University 
of Delhi, Hamdard Nagar, New Delhi on Hitachi 150-20 and Hitachi 270-30 
instruments respectively. 
The silica gel used for TLC and column chromatography was from 
M/s Acme Synthetic Chemicals 308-Veer Savarkar Marg, Boinbay-'f 00028, 
India. The TLC solvent system, values otherwise specified, was toluene- ethyl 
formate- formic acid (^-Ail). This solvent system for the sake ofconvenience 
has been referred to as TEF in the text matter. 
The melting points were recorded in a liquid paraffin bath. 
CHAPTER 1 
E X P E R I M E N T A L 
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SYNTHESIS OF (LXXXV) 
A. Preparation of B-(2/>-dihydroxy benzoyl) propionic acid (LXVn) by Hoesch 
condensation method 
A mixture of dry resorcinol (LXIV) (12.5 gm), succinonitrile (LXV) 
(5.0 gm), sodium dried ether (100 ml) and finely powdered fused zinc chloride 
{1^.0 gm) was cooled in an ice salt mixture under anhydrous conditions and 
a rapid stream of dry hydrochloric acid gas was passed through the solution 
for three and a half hours with occasional shaking. During the course of 
reaction there was a deposition of an orange yellow solid in the reaction 
flask. The flask was allowed to stand in an ice chest for Z'f hours. Ether 
was then decanted off from bulky orange yellow precipitate of ketimine 
hydrochloride. The solid was washed with a small amount of dry ether and 
transferred with the aid of hot water (100 ml) to a round bottom flask. The 
solution was vigorously boiled for 40 minutes on a burner and allowed to 
stand overnight in an ice chest. The yellowish brown needles that separated 
out were filtered, washed with a little ice cold water and dried. On crystalli-
sation from methanol, it gave fine yellowish brown needles (9.0 gm), m.p. 
201-203". It developed a brick red colour with alcoholic ferric chloride solution. 
It did not show any depression in m.p. on mixed melting with the compound 
obtained by method (B) and had the same Rf value on co- TLC examination 
in TEF. 
Preparation of ^^2-hydroxy-*-methoxy benzoyl) propionic acid methyl ester 
(LXVm) 
Methylation of (LXVn) with diazomethane 
^-(2,4-dihydroxy benzoyl) propionic acid (LXVII) (300 mg) obtained 
by Hoesch condensation was methylated with an excess ethereal solution 
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of diazomethane. The contents were left overnight at room temperature. 
Recovery of solvent left a solid mass which on crystallisation from light 
petroleum ether, gave colourless needles (100 mg), m.p. 88-90°. It gave a 
purple red colour with alcoholic ferric chloride solution. On TLC examination 
in TEF, and on the basis of mixed m.p., it was found to be identical with 
the monomethyl ether methyl ester (LXVIII) prepared by succinic anhydride 
dnd resorcinol condensation method. 
Preparation of succinic anhyckide 
In a 500 ml round bottom flask fitted with a reflux condenser, 
calcium chloride tube, and a gas trap were placed, succinic acid (60 gm) 
and acetyl chloride (130 ml). The mixture was gently refluxed on a steam 
bath until all the acid dissolved. This required two hours. The solution was 
allowed to cool. Beautiful colourless crystcils settled down which were filtered 
washed with two portions of sodium dried ether (70 ml) each and dried in 
a vacuum desiccator. Yield (50.0 gm), m.p. 119-20°. 
B. Preparation of jM2,»-dihydroxy benzoyl) propionic acid (LXVn) by Friedel 
and Crafts method 
To a solution of resorcinol (LXIV) (11.0 gm) and anhydrous aluminum 
chloride ( 28 gm) in dry nitrobenzene (160 ml), succinic ai^ydride (11.0 gm) 
was added in small lots with exclusion of moisture. Vigorous reaction started 
with evolution of hydrogen chloride gas. After addition the reaction mixture 
was heated on a boiling water bath for six hours and left at room temperature 
for lii hours. It was then decomposed by adding ice cold hydrochloric acid 
(50%, 225 ml). Nitrobenzene was steam distilled and the precipitated solid 
(l^ t.O gm) on crystallisation from dil. ethanol, gave pale yellow needles, m.p. 
202-203*. It gave a brick red colour with alcoholic ferric chloride solution. 
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Preparation of B-(2-hydroxy-4-metiiaxy benzoyl) propionic acid methyl ester(LXVIlD. 
(i) Methylation of (LXVU) with dimethyl sulphate 
^-(Zyf*-dihydroxy benzoyl) propionic acid (LXVII) (iO gm) was 
added in dry acetone (i75ml) containing anhydrous pKJtassium carbonate (12.0 gm) 
and dry dimethyl sulphate {li.i ml). The contents were refluxed for 2 hours 
under anhydrous conditions and then after cooling to room temperature, 
potassium carbonate was filtered off, acetone was removed from the filtrate 
by distillation and crushed ice Weis added to the residue in the flcisk. A solid 
substance separated out which was left overnight in the refrigerator. It was 
filtered, washed with the ice cold water and crystallised from light petroleum-
ether as colourless needles (1.2 gm), m.p. 90-92°. It gave a purple red colour 
with alcoholic ferric chloride solution. 
Spectral data 
NMR (5, CDCl^) 
2.8 (t,a=6Hz,CH2); 3.55 (t,a=6Hz,CH2) ; 3.85 ( s ,OCH^; 3.95 
( s , COOCH^); 6.5 (m,2H) and 7.70 (d,3=9Hz,lH). 
(ii) Methylation of (LXVII) with diazomethane 
The above compound (LXVII) (500 mg) was methylated with an 
excess ethereal solution of diazomethane. The contents were left overnight 
at room temperature. Removal of solvent left a solid mass which on crystalli-
sation from light petroleum-ether gave colourless needles (300 mg), m.p. 
88-90". It gave a purple red colour with alcoholic ferric chloride and was 
identical in all respects, (co-TLC in TEF, 5:ifA and mixed melting point) 
with the methyl derivative prepared above by dimethyl sulphate method. 
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Preparation of diketone (LXVI) 
Anhydrous aluminum chloride (20 gm) and sodium chloride ('f gm) 
were mixed together and taken into a dry test tube. The mixture was heated 
in an oil bath to a temperature ol 165°. To it was then added an intimate 
mixture of B-(2-hydroxy-4-methoxy benzoyl) propionic acid methyl ester (LXVIII) 
(2 gm) and resorcinol (LXIV) (1.5 gm) maintaining the bath temperature between 
130-40°. The temperature was then raised to l'f5"' and the reaction mixture 
was stirred by a rod for five minutes. The temperature was further raised 
to 190-200° and the reaction mixture heated further for 50 minutes. The 
contents were then allowed to cool to room temp)erature and decomposed 
by adding water (150 ml). The aqueous mixture was then acidified with hydro-
chloric acid (60 ml) and heated on a boiling water bath for 'f5 minutes. A 
brownish green substance settled down which was filtered and washed with 
water (Yield 1.8 gm). Inspite of considerable effort the compound could 
not be crystallised. It developed a red colour with alcoholic ferric chloride 
solution. 
Acetylation of diketone (LXVD 
The above compound (LXVI) (500 mg) was dissolved in pyridine 
(S ml) and acetic emhydride (15 ml) was added to it. The contents were heated 
for 3 hours on a boiling water bath. The cooled reaction mixture was poured 
dropwise into ice cold water with constant stirring. A reddish brown precipitate 
separated out, which was filtered, washed with water, HCI (2%), aqueous 
sodium bicarbonate solution (5%) and finally with water to remove pyridine 
and acetic acid and then dried. Inspite of best efforts the above acetylated 
product could not be crystallised. In order to purify it was extracted by refluxing 
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with petroleum-ether (60-80°). The petrol insoluble fraction was subjected 
to column chromatography and eluted with benzene (100 ml). 
The benzene eluate on recovery of solvent left a residue which 
on crystallisation with methanol-acetone mixture, gave colourless crystals 
of (LXXXDdOO mg), m.p. 18>85». Another compound (LXXXII) (200 mg), 
m.p. 85-87* was also obtained from the mother liquor which was amorphous 
in nature. Both these compounds were TLC pure in TEF (^r^ftl). They did 
not give any colour with alcoholic ferric chloride solution. 
Spectral data 
Compound (LXXXO 
NMR (^,CDC1^ 
2.19, 2.25, 2.30 (Three singlets, 3xCOCH ); 6.25 (s, 2 x Olefinic 
protons); 6.90 (d, ]=2Hz, H-3); 7.03 (dd, 3=8, 2Hz, H-5) and 
7.5 (d, 3=8Hz, H-6). 
Analysis 
Found 
calc. for CjoH^^Oj-
C 
C 
60 J* 1% 
60.6^% 
H 
H 
1^.73% 
it.69% 
Compound (LXXXII) 
NMR (^CDCl^ 
2.19 (s ,3H); 2.29 (bs, 9H); 2.32 (s, 3H) (total 5 acetoxyl); 
3.27 (b, 2H, CH2), 6A (s, IH, olefinic); 7.1 (m, *H, aromatic protons) <5c 
7.6, 8.0 (each d, J=8Hz, 1 H each, H-6, H-6'). 
Analysis 
Found 
c a l c . f o r C 2 6 H 2 ^ 0 j j 
C 
c 
60.66 % 
60.93% 
H 
H 
i^J&% 
'f.68% 
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Preparation of diketone dimethyl etlier (LXIX) 
Methylation of (LXVI) with diazomelhane 
The above diketone (LXVI) (1.5 gm) was methylated with an excess 
ethereal solution of diazomethane. The contents were left over night at 
room temperature. Removal of solvent left a solid mass which on crystalli-
sation from methanol-chloroform mixture, gave shining yellow crystals (500 
mg), m.p. 200-202". It gave a purple colour with alcoholic ferric chloride 
solution. 
Spectral data 
NMR ( cSfCDClj) 
3.5 (s, ifH, 2XCH2); 3.9 (s, 6H, 2xOCH^); 6.6 (m, kH), 7.9 (d, 
3=8Hz, 2H, H-6 & H-6') and 12.6 (s, 2xOH). 
Mass 
m/e 329 (M-H), m/e 179 and m/e 151. 
Analysis 
Found C 65.63% H 5.56% 
calc. for C^gH.jO, C 65A5% H 5A5% 
Prq>aration of diketone trimethyl ether (LXX) by dimethyl sulphate method 
The above diketone (LXVI) (500 mg) was added into dry acetone 
(150 ml) containing freshly ignited anhydrous potassium carbonate (5 gm) 
and dry dimethyl sulphate (0.3 ml). The contents were refluxed on a heating 
mantle for a period of 8 hours, under anhydrous conditions. After the reaction 
was over, potassium carbonate was filtered off and acetone was evaporated 
to dryness followed by washing of dimethyl sulphate with cold petroleum-
ether. It was crystallised from petrol - methylene chloride mixture to give 
light yellow crystals (300 mg). m.p. 158-60° which gave red colour with alcoho-
lic ferric chloride solution. On TLC examination in TEF, it was found to 
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Spectral data 
NMR ((f, CDCl^ 
3A5 (m, fH, 2XCH2); 3.85 (s, 3H, OCH3); 3.92 (s, 6H, 2XOCH3); 
6.6 (m, itH); 7.9 (2 double doublets partially overlapping 2H) 
Mass 
m/e 3kH{M^, m/e 193, m/e 179, m/e 165 and m/e 151. 
Analysis 
Found C 66.06% H 5.9^% 
calc. for C^^H^QO^ C 66.27% H . 5.81% 
Preparation of bisester (LXXVII) 
The dlketone dimethyl ether (LXIX) (250 mg) was taken up in dry 
acetone (60 ml) containing anhydrous potassium carbonate (5.5 gm) and freshly 
distilled benzoyl chloride (2.2 ml). The contents were refluxed for thirteen 
and a half hours on a heating mantle under anhydrous conditions. After comple-
tion of the reaction, potassium carbonate was filtered off and acetone weis 
removed from the filtrate. To the residue in the flask was then added water 
(35 ml) and 5% aqueous sodium carbonate solution ('fO ml). The reaction 
mixture was heated on a boiling water bath for 30 minutes. A light yellow 
solid separated out which was filtered and washed with water. After drying 
on the buchner funnel, it was further washed with ether. The ether insoluble 
product was crystallised from methanol- methylene chloride mixture to give 
colourless crystals (300 mg), m.p. l'f8-50''. It did not give any colour with 
alcoholic ferric chloride solution. 
Ill 
Spectral data 
NMR (Sy CDCI ^ 
3.25 (s, kH, 2XCH2); 3.9 (s, 6H, 2XOCH3); 6.7- 7.0 (m, (iH) ; 
7.2-8.0 (m, lOH, 2xC^H^) and 8.2 (m, 2H). 
Analysis 
Found 
calc. for C,-H»,Oj. 
C 
C 
71.29% 
71.37% 
H 
H 
^.9% 
k.S3% 
Preparation of compounds (LXXXm & LXXXIY) from bisester (LXXIX) by 
Baker Venkataraman rearrangement 
To a solution of the bisester (LXXVII) (300 mg) in dry pyridine 
('t.O ml) was added powdered KOH DOO mg). The reaction mixture was shaken 
for six hours in a dry test tube fitted with calcium chloride tube with occasional 
warming on a boiling water bath. During the course of reaction the contents 
became red in colour. After completion of the reaction, the contents were 
diluted with ice cold water (30 ml) and the cooled aqueous solution was 
poured into dil HC1(20%, 50 ml). A yellowish red precipitate obtained was 
filtered and washed with water. On crystallisation from methanol, it gave 
light yellow crystals (200 mg), m.p. 162-6'f'. It gave a greenish brown colour 
with alcoholic ferric chloride solution. 
Spectral data 
NMR iS, CDCl^ 
3.75, 3.80 (3H each, 2x OCH^. 6.3, 6.6 (dd, 3=8, 3Hz, H-5/H-5'); 
6A0 (d, 3=3Hz, H-3or H-3')} 6.50 (b, IH, H-3' or H-3) ; 
6.90 (s, IH, olefinic). 7.35 (m, 3H, H-3" , t", 5") &7.65 (m, W, 
H-6, 6', 2", 6"). 
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Analysis 
Found C 69.28% H ^ .^98% 
calc. for ^25^1'Pl ^ 69.12% H 5.06% 
Preparation of compound (LXXXV) from ^^-diketonc (LXXXffl or LXXXIV) 
The following three methods were used for cyclisation of the 
^-diketone. 
(i) To a solution of the above ^-diketone (LXXXIII) (500 mg) in distilled 
glacial acetic acid (12.0 ml) was added freshly fused sodium acetate 
(1.5 gm). The reaction mixture was refluxed on an oil bath for 
four and a half hours at a temperature of (150-160") under anhydrous 
conditions. The cooled solution was diluted with cold water ('fO ml). 
A brownish yellow precipitate separated out which was filtered, 
washed with water and dried. It did not give a pink colour with 
Mg/HCl. It gave a greenish brown colour with ferric chloride solu-
tion. It was found to be the starting material. 
(ii) ^-diketone (LXXXIII) (500 mg) was taken up in a mixture of glacial 
acetic acid (1.0 ml) and concentrated hydrochloric acid (2.0 ml). 
The contents were heated on a boiling water bath for one hour. 
The cooled solution was poured into ice cold water (15 ml). A 
solid separated out which was filtered, washed with water and 
dried. On TLC examination, in TEF, its Rf value was found to 
be the same as ^ a t of the starting material. It did not give any 
colour with Mg/HCl. It gave a greenish brown colour with alcoholic 
ferric chloride solution. 
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(iii) Thermal cyclisation 
^-diketone (LXX XIII) CfOO mg) was taken in a dry test tube and 
heated in an oil bath for five and a half hours at 2'+5-250'' (bath 
temperature). It turned brown during the course of heating. It 
was then cooled to room temperature and dissolved in acetone. 
On TLC examination in TEF {5'Mi) it was found to be a mixture 
of three components which were separated by preparative TLC 
on silica gel- G plates using methanol: benzene (1:99) as the solvent 
system. Thirty silica gel- G plates (size 20 cm x 20 cm) were 
run. The three bands were carefully separated from plates and 
eluted with methanol. Methanol was removed. One (upper) of the 
three bands corresponded to the starting material while the middle 
band gave tests for flavones. It gave a pink colour with Mg/HCl 
and no colour with alcoholic ferric chloride solution. It was TLC 
pure, (the plate on examination under UV light showed a single 
spot with an intense blue fluorescence). Inspite of our best efforts 
it could not be crystallised. The yield of this product was extremely 
low and hence its m.p. could not be recorded. Its NMR spectrum 
was recorded on a 'tOO MHz instrument. The third (lower) band 
was obtained as a waxy material in an inappreciable quantity and 
therefore it was not studied further. 
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Spectral data 
Compound (LXXXV) 
UV (MeOH) 
MeOH 
2k7, 305, 358 nm 
max 
NMR (<SfCDCl^ 
3.S, 3.9 (s, each 3H, 2xOCH^; 6.5 (d, 3=2Hz, H-3 or H-3'); 
6.6 (dd, 3=8, 2Hz, H-5 or H-5'); 6.75 (d, J=2Hz, H- y or H- 3); 
6.95 (s, one olefinic proton); 7.0 (dd, 3=8, 2Hz, H-5' or H-5), 
7.25 (m, 3H, phenyl ring); 7.'t5 (m, 2H, phenyl ring), 
7.75 (d, 3=8Hz, H-6 or H-6');8.2 (d, 3=8Hz, H-6' or H-6). 
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SYNTHESIS OF (LXXXVm) 
Preparation of compounds (LXXXVn) and (LXXXVIII) from (LXIX) 
The above diketone dimethyl ether ( LXIX) (100 mg) was added 
to dry acetone (25 ml) containing anhydrous potassium carbonate (2.2 gm) 
and freshly distilled benzoyl chloride (0.8 ml). The contents were refluxed 
for twenty six hours on a heating mantle, under anhydrous conditions. After 
completion of reaction, potassium carbonate was filtered off and acetone 
was completely evaporated to dryness. To the residue wcis added water (25 ml) 
and aqueous sodium carbonate solution (5%, 30 ml). The reaction mixture 
was heated on a boiling water bath for 20 minutes. An oily layer separated 
out which was extracted with ether. The ethereal layer was washed with 
water and dried over anhydrous sodium sulphate. After filtering off sodium 
sulphate, ether was distilled off. The residue on crystallisation with methanol-
methylene chloride mixture, gave yellow crystals (70 mg), m.p. 208-210°, 
mixed m.p. with the starting material, 288-290°. It did not show any colour 
change with alcoholic ferric chloride solution and did not give a pink colour 
with Mg/HCl. Under UV light, it showed a single dark brown fluorescent 
spot. 
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Spectral data 
Compound (LXXXVm) 
UV (McOH) 
MeOH X 231.2, 276.8, 319.6 nm max 
Anafysb 
NMR (<r,CDCl^) 
3.7 (s, 6H, 2xOCH^); 6.35 (d, J = 3Hz, Ha); 6.7 (dd, 3=8, 3Hz, 
Hb); 7.^5 (m, lOH, 2xCgH^) and 8.25 (d, 3=8Hz, He). 
Mass 
m/e 520 (M"^ ), m/e 151. 
Found C 7 3.66% H 4.56% 
calc. for C22^2«t^7 ^ 73.84% H 4.61% 
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SYNTHESIS OF (LXXXIX) AND (XC) 
Preparation of veratroyl chloride 
Thionyl chloride was purified by distilling over linseed oil. Veratric 
acid (3.0 gm) was refluxed with thionyl chloride (12.0 ml) for two hours 
on a boiling water bath, under anhydrous conditions. Excess of thionyl chloride 
was removed under reduced pressure and the residue was dissolved in dry 
petroleum-ether (60-80°) and kept in a desiccator. Colourless crystals (2.5 gm) 
separated out which were filtered, m.p. Ik-iy^ (lit.m.p. 70"). 
Preparation of bisester (LXXDC) 
The diketone dimethyl ether (LXIX) (300 mg) was dissolved in 
dry acetone (65 ml) containing anhydrous potassium carbonate (6.^ *^  gm) and 
veratroyl chloride (520 mg). The contents were refluxed for 22 hours on a 
heating mantle, under anhydrous condition. During the course of reaction 
a white precipitate separated out. After completion of reaction, potassium 
carbonate was filtered off and acetone solution was evaporated to dryness. 
To it was added water (30 ml) and aqueous sodium carbonate (5%, 25 ml). 
The reaction mixture was heated on a boiling water bath for 20 minutes. A colourless 
solid separated out which was filtered, washed with water and dried. On 
crystallisation from methanol-methylene chloride mixture, it gave colourless 
crystals (250 mg), m.p. 2tf0-42*'. On TLC examination in TEF (5:^:1) it showed 
a single spot. It did not give a colour with alcoholic ferric chloride solution. 
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Spectral data 
NMR iS.CDCl^) 
3.21 (s, ^H, 2XCH2); ^^^ ^S' 6H, 2XOCH3); ^*^2 ^'' ^" ' 2XOCH3); 
3.96 (s, 6H, 2XOCH3); ^-^ ^"'» **"' Ha, Hb); 7.3 (m, 2H, He) and 
7.9 (m, 6H, Hd, He). 
Mass 
m/e 685 (M^ not observed), m/e 9^<f, m/e 330, m/e 165, m/e 151. 
Analysis 
' ' ° " " ' C 65.77% H 5.2.% 
calc. for C3,H 3^0,2 C 65.65% H 5.16% 
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Preparation of flavone derivative (LXXXIX) from bisester (LXXIX) 
The above bisester (LXXIX) (300 mg) was dissolved in dry pyridine 
(5 ml) and powdered KOH (500 mg) was added to it. The reaction mixture 
under anhydrous conditions was shaken for four and a half hours with occasional 
warming on a water bath, it gradually turned viscous due to the separation 
of a yellow potassium salt of the diketone and finally it become very viscous 
with colour changing to orange red. After completion of the reaction, the 
contents were diluted with ice cold water (15 ml) and the cooled aqueous 
solution was poured into dil. HCl (20%, 50 ml). A yellow orange precipitate 
separated out which was filtered, washed with water auid dried. On TLC exami-
nation in TEF (5:^:1), it was found to be a mixture of three components. 
In order to purify the above B-diketone mixture, it was further 
subjected to column chromatography using silica gel (60-120 mesh). It was 
eluted with petroleum ether (60-80°, 100 ml), 10%, 20%, 50% benzene- petro-
leum ether mixture (200 mJ each), benzene (200 ml) collecting fractions 
of 50 ml each and finally with ethyl acetate and methanol. Elution with 
benzene gave a TLC pure product in TEF solvent system. Recovery of benzene 
left a residue which on crystallisation with methanol gave (LXXXIX) as light 
yellow crystals (50 mg), m.p. 182-»J». It developed a brown colour with alcoho-
lic ferric chloride solution and a light pink colour with Mg/HCl. 
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Spectral data 
NMR (cf,CDCiy 
3.79 (s, 3H, one OCH3); 3.8^ (s, 3H, one OCH3); 3.91 (s, 6H, 
2XOCH3); '^'l^ ( '^ 2H, CH^); 6.^5 and 6.5 (m, 2H); 6.9-7.2 (m, 5H) ; 
7.79 (d, 3=9.5 Hz, IH), 8.12 (d, 3=8.5 Hz, IH) and 10.6 (s, OH). 
Mass 
m/e^76 (M "^), m/e 326, m/e 325, m/e 175, m/e 151. 
Analysis 
Found 
calc. for C^.H^O^ 
C 
C 
68.19% 
68.06% 
H 
H 
5.11% 
5.0^% 
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Preparation of flawone (XC) from unpurified B-diketone 
To a solution of the unpurified B-diketone (50 mg) from the previous 
step, in distilled glacial acetic acid (2 mO was added freshly fused sodium 
acetate (250 mg). The reaction mixture was refluxed on an oil bath for a 
period of four and a hcdf hours at a temperature of 150-160°, under anhydrous 
conditions. The cooled solution was diluted with ice cold water (30 ml). A 
brown precipitate separated out which was filtered, washed with water and 
dried. Crystallisation from methanol gave (LXXXIX) in small yields. TTie 
amorphous product (XC), m.p. 135-37" obtained from the mother liquor gave 
a light pink colour with Mg/HCl, and showed greenish brown colour with 
alcoholic ferric chloride solution. On TLC examination in TEF, it was found 
to be homogeneous and different from (LXXXIX). Under UV light, it showed 
bright yellowish blue fluorescence. 
Spectral data 
NMR ( S , CDCl^) 
3.79 (s, 3H, OCH^); 3.80 (s, 3H, OCH^); 3.8 3 (s, 6H, 2xOCH^); 
3.87 (s, 3H,0CH^); 3.91 (s, 3H, OCH^; 6.5-7.3 (complex multiplet, 
6H); 7.6 (d, 3=8Hz, 2H); 7.8 (d, J=8Hz, IH) and 8.1 (d, 3=8Hz, IH). 
sis 
Found 
calc. for C -^H ^J^i i 
C 
C 
67.(A% 
67.5% 
H 
H 
5.06% 
5.0% 
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Preparation of ^2/f,6-trihydroxy benzoyl) propionic acid (XCII) by Hoesch 
condensation method 
A mixture of dry phloroglucinol (XCI) (6.0 gm), succinonitrile (LXV) 
(2.5 gm), sodium dried ether (30 ml) and finely powdered fused zinc chloride 
(2.0 gm) was cooled in an ice salt mixture and a rapid stream of dry hydro-
chloric acid gas was passed through the solution for 3 hours with occasional 
shaking. During course of reaction, an orange yellow solid deposited in the 
reaction flask. The flask was allowed to stand in an ice chest for 2«f hours 
after closing its mouth with an airtight rubber cork. The ether was decanted 
off from bulky orange yellow precipitate of ketimine hydrochloride. The 
solid was washed with a small amount of dry ether and transferred with 
the aid of distilled hot water (^ fO ml) to a round bottom flask (250 ml). The 
solution was vigorously boiled for 2 hours and allowed to stand over night. 
A yellow crystalline compound separated out which was filtered and washed 
with ice cold water. Yield (5.9 gm), m.p. 219-20°. 
Preparation of ^p-(2-hydroxy-4,6-dimethoxy benzoyl) propionic acid methyl 
ester (XCm) 
The B-(2,ft,6-trihydroxy benzoyl) propionic acid (XCII) (2 gm) was 
added in dry acetone (250 ml) containing anhydrous potassium carbonate 
(12 gm) and dry dimethyl sulphate (3.2 ml). The contents were refluxed for 
9 hours and X minutes on a heating mantle under anhydrous conditions. 
After completion of the reaction, potassium carbonate was filtered off and 
acetone was removed from filtrate by distillation and crushed ice was added 
to the residue in the flask. A solid separated, out which was left over night 
in the refrigerator. It was filtered next day, washed with ice cold water 
12 7. 
and dried. On crystallisation from petroleum- ether, it gave colourless needles 
(1 gm), m.p. 85-87°. It gave a deep red coloration with alcoholic ferric chlo-
ride solution. 
Spectral data 
NMR(<$',CDC1^ 
2.65 (t, 3=6.6 Hz, 2H, CH^); 3.55 (t, 3=6.6 Hz, 2H, CH^); 
3.70 (s, 3H, OCH^; 3.81 (s, 3H, OCH^; 3.86 (s, 3H, COOCHJ; 
5.91 (d, a=2J Hz, IH, H-5); 6.05 (d, 3=2.5Hz, IH, H-3). 
Found 
calc. for C, J - i . , 0 . 
C 
C 
58.38% 
58.20% 
H 
H 
6.09% 
5.97% 
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CHAPTER 2 
T H E O R E T I C A L 
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XANTHONES 
Xanthones are dibenzo- V-pyrone derivatives (I) cx:curring widely 
in nature. A large number of these have been isolated from flowering plants 
belonging to the families Gentianaceae, Guttiferae, Anacardiaceae and Moraceae. 
Some of them are metabolic products of lower fungi, two of them are of 
lichen origin and one euxanthic acid is found in the urine of animals fed 
1 2a 
on mango leaves. Some of these xanthones were reviewed by Roberts , Dean 
and more recently by Sultanbawa . Xanthones occupy an important position 
in chemistry of natural products. Their structures, are closely related to 
other naturally occurring V -pyrone derivatives, the flavonoids and the 
chromones . Their chromatographic behaviour is also similar. Xanthones 
found to occur in nature, are described in Table-1. 
(I) 
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Characteristics of xanthones 
Xanthones have some special characteristics which have been 
highly useful in the study of new naturally occurring compounds. The u l t ra -
violet spectrum of xanthones is specially noteworthy; they have four absorption 
maxima in the region of 220- ' t lOnm. The parent xanthone (II) itself absorbs 
at 337 (band I), 287 (band II), 261 (band III) and 239 nm (band IV)'^ . Further 
hydroxylation causes some changes in the above band and a few generalization 
have been made wi th regard to the position of hydroxyl groups in xanthones 
and absorption bands. I t has been found that the band IV remains wi th in 
10 nm of this position throughout the series but the band III is quite susceptible 
to changes in hydroxylation pattern. Hydroxylation at position l.'f,? and 8 
causes only a slight bathochromic shift of band I I I . Xanthones having hydroxyl 
group at either 3-or equivalent-6-position have their absorption band II at 
310 nm. This band II appears near 3'tO nm in the case of 3,6-disubstituted 
xanthones- Recently the effect of reagents l ike sodium acetate, sodium acetate-
boric acid and sodium ethoxide is found to be not much helpful as in the 
study of flavonoids . But aluminium chloride is definetely useful for diagnosing 
1-or equivalent 8-hydroxyl in xanthones . Infrared spectrum as usual gives 
information about the presence of carbonyl and hydroxyl groups. Among 
other spectral methods, NMR spectrum gives useful in format ion, i t gives 
the number of hydroxyl & methoxyl groups, the presence of acyclic and 
heterocyclic ^- isopentenyl units and substitution pattern of the two benzene 
rings. The carbonyl e f fec t on aromatic hydrogens in position I and 8 are 
specially signif icant. 
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Alkal i fission of xanthones under di f ferent conditions give rise 
to the constituent parts, thus providing valuable information about the substi-
tuents in the benzene rings. Thus fission of mangostin (II) wi th potash gave 
phloroglucinol (III), whereas heating with ehtanolic potash at 170-180° yielded 
'f-methoxy-5-jC^-prenyl resorcinol (IV), showing the oxygenation pattern of 
mangostin as l,3,6-trihydroxy-7-methoxyxanthone • 
Another method of degradation is to fuse the xanthones wi th 
sodamide which removes the carbonyl group as urea and gives the corresponding 
diphenyl ether. Thus t r i -O-methy l ravenelin (V) gave diphenyl ether (VI) 
49 
and urea . 
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OCH-
OCH3 OCH: 
OCH^ 0 OCH3 OCH3 OCH3 
(V) (VI) 
A better method for the degradation of 1-hydroxyxanthones has 
been introduced by Roberts . If the 1-hydroxyxanthone is hydroxylated 
in the if-position by persulphate oxidation , the product is susceptible to 
mild oxidation with alkaline hydrogen peroxide yielding the other benzenoid 
nucleus (ring-6) intact in the form of easily purifiable and identifiable acid. 
This method can be applied to all 1-hydroxyxanthones which have no other 
free hydroxyl group and which have their ^f-position free. The identification 
of the product, salicylic or substituted salicylic acid leads to the location 
of all the substituents in the xanthone nucleus except m the 2- and 3- positions. 
For example l-hydroxy-3-methyl-7-methoxyxanthone (VII) which on oxidation 
gave 2-hydroxy-5-methoxy benzoic acid (XI) probably by way of (IX) and 
(X), thus indicating oxygenation in 7-position of xanthone ring. 
0 OH 
(VII) 
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(IX) (X ) 
H 3 C 0 - ^ ^ ^ ^ ^ ^ ° ^ 
(XI) 
Recently another important chemical reaction which could be 
diagnostic of the presence of 1-methoxy group in xanthones is the reaction 
wi th l i th ium aluminium hydride when 1-methoxy is lost and carbonyl group 
is replaced by methylene (Chart-I). 
J50 
Chart-I 
OCH-
H-M 
OCH3 
OCH3 
(XII) 
OCH: 
OCHn 
OCH: 
H ^ OCH3 
OCH: 
OCH: 
OCH3 0 OCH3 
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SYNTHESIS OF XANTHONES 
A number of methods have been developed for the synthesis of 
polyhydroxy xanthones. They are br ief ly described below. 
1. Benzophenone methods 
The most commonly used laboratory synthesis of xanthones employs 
a phenol and a salicylic acid as start ing materials and in each case a benzo-
phenone derivative is the intermediate. 
a) Nencki's reaction 
The earliest use of acetic anhydride (ACJD) as the condensing 
52 53 
agent was replaced by zinc chloride by Pankajamani and Seshadri , the 
conditions are the same as used for Nencki's react ion. Although a lot of 
resinif ication takes place in this method, yet this is st i l l used for the synthesis 
of 1-hydroxyxanthones from resorcinol. For example, l-hydroxy-7-methoxy-
xanthones (XV) has been synthesised by this method. 
H3CO 
ZnCI 
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ai) Grover, Shah and Shah's method 
The most satisfactory condition for the above condensation was 
developed by Grover et al in 1953, which involves the use of a mixture of 
phosphorus oxychloride and zinc chloride as the condensing agent at a lower 
temperture like 60-70". Since the conditions are mild, the product is obtained 
in good yields. It also permits the use of methyl ethers of phenols so that 
methoxyxanthones are obtained. For example, isogentisin (XVI) can be 
synthesised from phloroglucinol (III) and 2-hydroxy-5-methoxybenzoic acid 
(XI). However, under the above conditions resorcinol gives 3-hydroxyxanthones 
and this is complimentary to Nencki's method. For example, 3-hydroxy-7-methoxy-
xanthone (XVII) is obtained by the condensation of resorcinol (XIV) and 2-
hydroxy-5-methoxybenzoic acid (XI) . Recently Desai et al have used poly-
phosphoric acid as the condensing agent. By this method also satisfactory 
yields are reported. 
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(XI) (XIV) 
H->CO 
(XVII ) 
am Friedel Crafts' methods 
This method involves the preparation of 0,0'-dimethoxy benzophenone 
by Friedel Crafts method and subsequent demethylative cyclisation to give 
xanthone. It was first used by Rao and Seshadri in 1953 for the synthesis 
of gentisin (XXII) as shown in Chart4I. This method is convenient but useful 
only when above methods fail because the yields are poor. 
Chart-II 
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H3CO 
(XVIII) 
.c< 
H3CO. ,OCH-
v \ 
OCH3 
(XIX) 
/ • X ^ C H 3 O^  .cf 
H3CO 
(XX) (XXI) 
OCH3 
0 6H 
(XXII) 
t > * 
Recent innovations have again hinged upon benzophenone inter-
mediates and their cyclisation. Stout, BalkenhoJ and their colleagues ' 
combine methyl ethers (rather phenols) with acid chlorides in true Friedel 
crafts reactions and methoxy benzoic acid with acetoxy methyl ether in 
presence of trifluoroacetic anhydride (TFAA) followed by hydrolysis of the 
reaction mixture and cyclise the resulting benzophenone in basic conditions 
(tetramethyl ammonium hydroxide in pyridine). They have prepared a number 
of the highly methoxylated constituents of species of Gentianaceae in this 
manner,' two examples are given below, (a) synthesis of l-hydroxy-2,3,4, 
7-tetramethoxy xanthone (XXVII) as shown in chart-Ill and (b) synthesis of 
1,2,3,7-tetramethoxyxanthone (XXXI) as shown in chart-IV. They are found in 
the root of Frasera caroliniensis. 
Chart-in 
H3CO 
OCH3 
(XXIV) 
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OCH: 
Selective 
demethylation 
OCH-
(XXVI) (XXVII) 
Cha-t-IV 
/ \ / 0 C H 3 
HoCO 
(XXVIII) 
AcO 
OCH3 
OCH3 
0 OCH-
(XXX) (XXXI) 
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Ov) Oxidative coupling method 
This is recent method following possible path of biogenesis which 
postulates the oxidative coupling of O-hydroxy benzophenones for the evolution 
of xanthones in nature. Lewis and Atkinson ' employed potcissium fe r r i cy -
anide as the one electron donar, whereas enzymatic oxidation was carr ied 
out using peroxidase or the laccase f rom Polystictus versicolor. Thus 2, 
3'-dihydroxybenzophenone (XXXII) yields a mixture of 2 -(XXXIII) and 14-
hydroxyxanthones (XXXIV) as a result of para and orthocoupling respectively 
wi th respect to 3'-hydroxyl. 
Pot.ferricyanide 
(XXXIII) 
(XXXIV) 
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Oxidative cyclisation of 2,3',6-trihydroxybenzophenone (XXXV) 
gave a similar pair of xanthones, permanganate proving the better oxidant 
in this case. 
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(V) Friesmigration 
Phenyl salicylate (XXXVIIl) undergoes thermal decomposition 
to give xanthone (XL). It involves Friesmigration of the aroyl group from 
the oxygen to the carbon atom in the orthoposition to give O^O'-dihydroxy-
benzophenone (XXXIX) which on subsequent cyclodehydration gives the xan-
thone (XL). 
(xxxvm) 
(vo 
(XXXIX) 
Guyot and Mentzer's method 
(XL) 
When a phenol (XLI) and tetrahydroethyisaiicylate (XLII) are heated 
together, tetrahydro xanthone (XLlll) results as shown in chart-V. Subsequent 
aromatisation affords xanthone^^ (XLIV). The phenols which successfully 
undergo this reaction are resorcinol and orcinol but it fails with phloroglucinol. 
Chart-V 
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cf 
0 
-y -0' 
OH 
(XLII) 
Pd-C/H 
^ 
(XL III) 
(XLIV) 
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2. Diphenyi etiier method 
6(| 
Another method which is not much used involves the formation 
of diphenyi ether by reaction between a phenol and an O-chlorobenzoic acid 
under UUmann's conditions and subsequent ring closure with acidic reagents 
like sulphuric acid, aluminium chloride or phosphorus oxychloride. Thus euxanthone 
(XLIX) was synthesised as shown in chart-Vl. 
rl^^--^^ 
H3CO' 
(XLV) 
+ 
H3CO' 
^^ OCH3 
H,CO 
(XLVII) (XLVIII) 
(XLIX ) 
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3. Fluorane method 
An elegant method was devised by Tanase for the synthesis 
of such part ial ly methylated polyhydroxy xanthones which are otherwise 
inaccessible. Thus 3,8-dihydroxy-l-methoxyxanthone (LVI) obtained as a degra-
66 dation product of sterigmatocystin was synthesised as shown in Char t -Vl l . 
This involves the preparation of a fluorone (LII) followed by conversion to 
xanthene (LIU) and finally oxidation to xanthone. However, it may be empha-
sized that the method is lengthy and so is not generally used. 
Chart-Vn 
CH^COOH 
OCH3 
(LII) 
H, 
Catalyst 
(CH,CO) O 
- J - ^ 
OCH3 
(LIII) 
0\^/^:v^OAc 
CrO-
(O) 
OAC 
OCH3 
(LV) 
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This method has earlier been used by Asahina and Nogami for 
68 the synthesis of lichen xanthone and later on by Aghoramurthy and Seshadri . 
* . Enamine method 
A noval approach to the synthesis of simple xanthones was made 
69 by Paquette . It consists in condensing ^-hydroxybenzaldehyde with morpholino-
cyclohexene (LVIII) to give a complex alcohol (LIX) which then subjected 
to Sarett oxidation to give a tetrahydroxanthone (LX). Finally dehydroge-
nation with palladium charcoal gives xanthone (LXI). In this way 2-methoxy 
and 'f-methoxy xanthones have been synthesised as shown in chart-VlIl. 
Chart-Vin 
/ ^ ^ O H 
CH3O-
(LVII) 
(LVIII) 
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0 0 3 / 
Pyridine H3CO 
(LX) 
5. 
H.CO 
Depside method 
Depsides have been known for a long t ime to undergo pyrolysis 
t o give xanthones . For example, lecanoric acid (LXIl) gives 3,8-d imethyl - l , 
6-dihydroxyxanthones (LXIII) . Depsides seem to be formed in other reactions 
as intermediates which give xanthones as the end-products. Thus recently 
thermal decomposition of either methyl-2-chloro-'^-methylbenzoate (LXIV) 
or its 5-methyJ isomer (LXV) is found to give a mixture of 3,6-dimethyl 
xanthone (LXVII) and 2,6-dimethylxanthone (LXVIII). It may be noted that 
in this react ion depside is formed via benzyne intermediate (LXVI) as shown 
in char t - IX . 
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OH 
HO. ,0H 
'0-
Chart-IX 
XOOH HO 
Pyroiysis 
— > 
•CH3 
CH3 0 
(LXII) (LXIII) 
H3C-
^ / - ^ ^ C O O C H 
Or 
3 H3C- ^ 
-CO, 
•COOCH-: -MeCl 
HI 
(LXIV) (LXV) (LXVI) 
( LXVI)-»-(LXIV) 
•^ 
(LXVII) 
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SYNTHESIS OF 3,6-DIMETHOXY XANTHONE (LXXVO A NOVEL REACTION 
An attempt was made to synthesise l,'t-bis-(2,'t-dihydroxy phenyl) 
butane dione (LXVl, p. 77 ) by reacting ^-<2,'f-dihydroxy benzoyl) propionic 
acid (LXVII) with resorcinol (LXIX) in presence of polyphosphoric acid through 
dehydration. Under normal circumstances the following reaction was expected. 
(LXVI) 
However, instead of compound (LXVI), a xanthone (LXXV) was 
formed which on methylation with diazometiianefoUowed by column chromato-
graphy gave methylated derivative. It was characterised as 3,6-dimethoxy 
xanthone (LXXVI), m.p. 180-82", on the basis of NMR and mass spectral 
data. The formation of xanthone by polyphosphoric acid condensation is un-
expected but novel. It is possible that through the following pathway, the 
3,6-dihydroxy xanthone would have been formed. 
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I T ?^  -4-
HON, . ^ ' ' : ^V^OH H O V ^ . - ^ : : V ^ O H 
PPA 
(LXVII) (LXIX) 
(LXX) 
-H^O ^ ^ > < ^ ^ r O ^ ^^0^ H 
(LXXIII) 
COOH 
CH-CH2 
fSl O (LXXIV) 
CH2N2 
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The first step might be a condensation of resorcinol (LXIX) with the keto 
acid (LXVII) resembling phthalein condensation, which is also acid catalysed, 
leading to (LXXII). There is no known analogy for the hydrolytic fission of 
(LXXIV) to give the xanthone (LXXV) and propionic acid. However, it is 
possible that the aerial oxidative cleavage could have taken place at (LXXIV) 
giving rise to xanthone (LXXV). 
The NMR spectrum of (LXXVI) showed a methoxyl signal at 
S'^.O and signals arising from a trisubstituted benzene ring. The latter consis-
ted of a doublet at S 8.35 (J=9Hz) and a double doublet centred around ^7.0^ 
{3=9, 2Hz) partly overlapping with another proton signal. 
The integration showed 1 methoxyl for 3 aromatic protons. These 
are similar to that observed for the aromatic ring of the start ing material . 
The mass spectrum gave a molecular weight of 256 corresponding 
to C j ^ H ^ 2 0 j j ' Thus the compound appears to have a symmetr ical structure. 
°"V^^^^v^0CH3 
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This is supported by 2 fragmentations M-CH^O at m/e 226 (LXXVII) 
and M-COCH^ at m/e 213 (LXXVIII) . 
The fragmentat ion pattern has been shown below. 
(M*), m/e 256 
(LXXVI) 
It 
'V^"^V^CH3 
or 
OCH: 
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A final proof for its structure was obtained by synthesising 3,6-di-
ethoxy xanthone from p-resorcylic acid (LXXIX)^'*. The following scheme 
for its synthesis was followed. 
m 
(LXXIX) (LXIX) 
5 X 
<1 O 
X 
0CH3 CH2N2 
< 
(LXXV) 
Cyclisation of (LXXX) was done by heating it at a temperature 
of (200-220°) in an oil bath. The rejxjrted method of cyclisation by autoclave 
did not succeed. Methylation of 3,6-dihydroxy xanthone (LXXV) with 
diazomethane gave 3,6-dimethoxy xanthone (LXXVI) which was the same 
in all respects as obtained by PPA condensation of (LXVII) and (LXIX). Iden-
tity of both the compounds was established through m.m.p. and co-chromato-
graphy on TLC plate. 
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SYNTHESIS OF Jt6-DIMETHOXY XANTHONE (LXXVO 
Preparation of polyphosphoric acid 
Phosphorus pentoxide (25.0 gm) was taken in a round bottom fla^ 
(250 ml) and to it was added orthophosphoric acid (20.0 ml). The flask was 
loosely stoppered and after wrapping in a piece of cloth, it was shaken manually 
with care to ensure dissolution. Glass stopper was removed from time to 
time inorder to release the pressure inside the flask. Lot of heat was generated 
during the operation. The flask was left at room temperature to cool down. 
Polyphosphoric acid in the form of colourless highly viscous liquid was obtained. 
Preparation of 3^6-dihydroxy xanthone (LXXV) 
To a mixture of ^-(2,if-dihydroxy benzoyl) propionic acid (LXVII, p-105) 
(2.10 gm) and resorcinol (LXIX) (1.10 gm) in a 100 ml flask fitted with CaCl2 
tube was added p>olyphosphoric acid (20 gm) and the contents stirred at room 
temperature by a magnetic stirrer for 7 hours with occasional heating on 
a steam bath. During the course of reaction, the mixture turned orange. 
The contents were left over night and then poured over crushed 
ice while stirring. An orange solid separated out which was filtered, washed 
with cold water to make it acid free and dried (yield 1.0 gm). The filtrate 
and washings showed a deep orange and green fluorescence. The compound 
could not be crystallised. 
Methylation of the above compound (LXXV) with diazomethane 
The above compound (LXXV) (500 mg) was methylated with an 
excess ethereal solution of diazomethane, when a brisk reaction took place. 
The contents were left overnight and ether was then evaporated off. On 
TLC examination in TEF it appeared to be a mixture of three components. 
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Separation of the above mixture by column diromatography 
The above mixture (500 mg) was subjected to column chromatography 
using 1 cm wide column of silica gel (7.0 gm). The column was elated first 
with petroleum- ether (73.0 ml) and then with benzene (100 ml). 
Benzene eluate showed a single spot in TEF. Recovery of benzene 
left a residue which on crystallisation from methanol gave light yellow crystals 
(100 mg), m.p. 180-82*. It gave no colour with alcoholic ferric chloride solution. 
Spectral data 
NMR (i ,CDCl^ 
ti.O (s, 6H, 2xOCH^; 7.0^ ^ (m, fH, H-2, 't,5,7)and 
8.35 (d, a=9Hz, 2H, H-1, H-8). 
Mass 
m/e 256 (fvft, m/e 226, m/e 213. 
Analysis 
Found 
calc.for C.cH.-O. 
C 
C 
70.16% 
70.31% 
H 
H 
f.77% 
f.68% 
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Preparation of i6-<lihydroxy xanthone (LXXVr by known method 
In order to establish the identity of the xanthone (LXXVI) prepared 
accidently through a novel route, 3>6-dihydroxy xanthone was prepared by 
the known procedure and it was then methylated to give 3^6-dimethoxy 
xanthone. The following steps were involved. 
Preparation of 2,2'^/J'-tetrahydroxy benzophenone (LXXX) 
A mixture of ^-resorcylic acid (LXXIX) (500 mg), resorcinol (LXIX) 
(500 mg), freshly fused zinc chloride (2.0 gm) and phosphoryl chloride (6.0 ml) 
were kept at room temperature for k^ hours and then stirred magnetically 
for 3 hours. The contents were then poured on crushed ice and acidified 
with hydrochloric acid. An orange red precipitate was obtained which was 
filtered and washed with cold water. On crystallisation froin boiling water 
it gave orange needles (^00 mg), m.p. 196-198°. 
Preparation of 3^6-dihydroxy xanthone (LXXV) 
The above compound (LXXX) (^ tOO mg) was taken in a 100 ml 
capacity conical flask and water (20.0 ml) was added to it. The contents 
were heated in an autoclave at a temperature of 126" for 2 hours. On cooling, 
the starting material was obtained back Instead of the expected dihydroxy 
54 
xanthone. In the reported procedure heating was to be done at a temperature 
of 200-220° (autoclave) for 2-2 1/2 hrs. However, we could not produce the 
above conditions of temperature with the autoclave available with us. 
A recourse was, therefore, taken to thermal cyclisation which 
we carried out for the first time in this case. 
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Thermal cydisation 
The above compound (LXXX) (150 mg) was taken in a dry test 
tube and heated in an oil bath at 200-220** (bath temperature) for 2 hours. 
The test tube was then taken out and allowed to cool to room temperature. 
The solid mass so obtained was crystallised from acetone- methanol mixture 
to give 3^6-dihydroxy xanthone (LXXV) which did not melt below 360". It 
gave a brownish yellow colour with alcoholic ferric chloride. 
Preparation of 3^6-dimethoxy xanthone (LXXVO 
The above compound (LXXV) (150 mg) was methylated with an 
excess ethereal solution of diazomethane. The contents were left over night 
at room temperature. Recovery of solvent left a solid mass which on crysta-
llisation from methanol gave the dimethyl ether derivative (LXXVI) (100 
mg), m.p. 181-8 3°. It did not give any colour with cdcoholic ferric chloride 
solution. 
It did not show any depression in m.p. on mixed melting with 
3^6-dimethoxy xanthone obtained from B-(2,'t-dihydroxy benzoyl) propionic 
acid and was also identical on co-TLC examination in TEF. 
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SYNTHESIS OF PYRIDAZINES AND HYDROGENATED PYRIDAZINES 
(i) From unsaturated Ij'J-Diketones 
The synthesis of pyridazines by the reaction of hydrazine with 
2,3-unsaturated 1,^-diketones, which is the most direct way of preparing 
these compounds, has not been extensively studies. 
Dibenzoyl ethylene (I) and substituted dibenzoyl ethylenes are 
available and have ben converted to 3,6 diarylpyridazines (II) in excellent 
yield 
-COC5H5 
•COC6H5 
^2^1,-^2^ 
H.C 5"6 
'N 
iT 
X R K ; 
(1) (II) 
The reaction occurs readily with cis isomers but as a rule requires 
refluxing with acetic acid for the trans isomers and may fail entirely. Maleic 
dialdehyde has been prepared from its acetal and converted without isolation 
to pyridazine . 
A related pyridazine synthesis employs furan as starting material. 
In the best known example , nitration of furan itself in acetic anhydride 
leads to an addition compound which has been formulated as (III), (IV) or (V)^'^. 
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When this is treated with hydrazine hydrate, it forms pyridazine (VI). This 
has been employed as a synthetic method, although the overall yield of pure 
products is not high . The intermediate steps are uncertain, but the inter-
mediate hydrolyzes in warm water and the solution readily gives derivatives 
such as the dioxime or bisphenyihydrazone of maleic aldehyde . Two methoxyl 
groups can be added similarly to furans such as furfuryl acetate or 2-methyl-
furan and the addition product yields a pyridazine by mild acid hydrolysis 
followed by treatment with hydrazine hydrate ' 
Chart-I 
O 
H 
AcO 
AcO 
\ 
H 
NO: 
(III) 
Or 
H 
(IV) 
Or 
OAc 
H 
2 
NO-
/ 
C=: HC—CH-C 
(V) 
N2H^.H20 
(VI) 
18A 
(ii) From l,»-Diketones 
The reaction of saturated 1,^-Diketones with hydrazine or hydrazine 
derivatives can proceed in a variety of ways. Most commonly the product 
is either a dihydropyridazine such as (VIII) or an aminopyrrole (IX), but mono-or 
bis-hydrazones have been isolated and polymers may be formed. An additional 
complication arises from the instability of the dihydropyridazines which 
may undergo disproportionation to yield pyridazines when distilled and often 
oxidize to pyridazines easily in the air. 
With ethyl Ji,t -diacetosuccinate (VII) and hydrazine hydrate, one 
13-18 
of the more carefully studied examples , both ethyl 3,6-dimethyl-4, 
5-dihydropyridazine-4, 3-dicarboxylate (VIII) and ethyl l-amino-2, 5-dimethyl-
pyrrole-3, ^t-dicarboxylate (IX) are obtained in alcoholic solution, in acetic 
acid only (IX) is formed. Curtius^ also isolated a third product to which 
he assigned the structure of a bispyrazolone, but Bulow believed this to 
19 be a cyclic hydrazide of the dihydropyridazine dicarboxylic acid (X) . 
The structure of (VIII) and (IX) have been carefully established. 
(IX) reacts with nitrous acid, forming ethyl 2,'f-dimethylpyrrole-3, 'f-dicarboxy-
late in excellent yield . The aminopyrrole ester fails to give the chracteristic 
pine splinter test for pyrroles, but l-amino-2, 5-dimethylpyrrole obtained 
from it by hydrolysis and decarboxylation gives a strong test. The dihydropy-
ridazine (VIII) is oxidized to the corresponding pyridazine without difficulty . 
It is not benzoylated by the Schotten-Baumann method, whereas (IX) yields 
a benzoyl derivative that can also be obtained from diacetosuccinic ester 
and benzhydrazide . Aminopyrroles and dihydropyridazines have characteris-
18 
tically different absorption spectra in the ultraviolet. . With (VIII) and (IX) 
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as reference substances, the structures of a number of these compounds 
20 have been established by this method. 
Chart-II 
CHXOCHCOOC^H^ + N-H, .H-O 
CH3COCHCOOC2H^ 
(VII) 
COOC2H5 
H5C2OOC 
H,C>^N- ' ' 
(VIII) 
H5C200C 
H3C N 
NH-
(IX) 
COOC2H5 
CH3 
H 
H 
N v ^ O 
(X) 
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(iii) From Dihydropyridazines 
The oxidation of dihydropyridazine to a pyridazine has been carried 
21 22 
out with sodium or potassium nitrite in acetic acid ' , with chromic acid 
in acetic acid ' with permanganate in acetone , with hydrogen peroxide ' , 
and with nitric acid . The first two methods are preferred and generally 
give high yields. 
(iv) From Pyridazones 
The preparation of pyridazines from pyridazones is one of the 
most common and useful synthesis of these compounds. It was first applied 
26 to 3-phenylpyridazine . The starting materials are readily prepared from 
J-keto acids or their derivatives which yield pyridazinones and thence pyrida-
zones. These are converted to 3-chloropyridazines by the action of phosphorus 
oxychloride. Although the synthesis involves several steps, the yield in each 
is good. The halogen can be replaced by other groups or removed by reduction 
27 
with phosphorus and hydroiodic acid or catalytically over a palladium or 
28 
nickel catalyst with an additional decarboxylation step, the method consti-
27 29 
tutes a practical synthesis of pyridazine (XII), as shown in the equation ' 
(Chart-Ill). The overall yield of (XII) fromX -ketoglutciric acid (XI) was reported 
27 
to be 2^ *% in the earlier work and somewhat less in the more recent paper , 
28 3-Methylpyridazine is even more readily availcible because levulinic acid 
is inexpensive. A number of other pyridazines have been prepared by this 
^ ^ . . . 28,30 
method. 
Chart-ni 
HOOC-COCH CH COOH + N^H^H^SO^ 
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(XI) 
Br, 
gl.HOAC 
X 
Cl^^N 
POCL 
(XII) 
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SYNTHESIS OF 6-(2-HYD ROXY-^ f-METHOXY PHENYL)-2,3,'f,5-
TETRAHYD ROPY RID AZINE-3-ONE (Xffl) 
A large number of heterocyclic compounds either from natural 
sources or prepared synthetically have been found to possess biological activity. 
In view of the above facts it was considered worthwhile to synthesise a 
pyridazine derivative by reacting ^-(2,^-dihydroxy benzoyl) propionic acid 
(which we had synthesised for our other studies) with hydreizine hydrate 
in presence of sodium acetate. We could not however succeed in this attempt 
as the resultant compound inspite of our best efforts could not be purified. 
We, therefore, attempted to carry out the reaction with B-(2-hydroxy-
if-methoxy benzoyl) propionic acid methyl ester (LXVm, p. 11 ) and hydrazine 
hydrate in presence of sodium acetate. After usual work up a yellow compound 
(XIII), m.p. 213-15" was obtained. 
HgCOv^^ 
CH3 N2H^.H20 
NaOAC 
(XIII) 
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The NMR spectrum of this compound showed two tr iplets centred 
at c? 2.7 and S 3.1 each integrating for 2 proton. There was a singlet for 
one methoxyl at d 319. In the aromatic region there was a two proton mult ip let 
centred at a 6.6 and an ortho coupled doublet ata7A (3=9Hz) for one proton. 
Besides these, there was a chelated hydroxy 1 at S 11.8. These data are in 
accord with the above structure (XIII). 
Further support for this structure was obtained by mass spectral 
studies. In the mass spectrum, i t showed the M"^  peak at m/e 220. The other 
signif icant peaks were at m/e 219 (XIV) and 190 (XV). There were less abundant 
peaks at m/e 192 and m/e 177 corresponding to loss of CO or CONH f rom 
the molecular ion. The fragmentation pattern may be shown below. 
H3CO. 
m/e 219 
(XIV) 
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SYNTHESIS OF 6-(2-HYD ROXY-4,6-DIMETHOXY PHENYL)-2,3,*,5-
TETRAHYDRDPYRIDAZINE-3-ONE (XV). 
Another heterocyclic compound was also synthesised by reacting 
B-(2-hydroxy-'t,6-dimethoxy benzoyl) propionic acid methyl ester (XCIII, 
p. 102) with hydrazine hydrate in presence of sodium acetate. Mter usual 
work up an orange yellow compound (XVI), m.p. 202-20'f"* was obtained. 
In this case also ^-(2,'>,6-trihydroxy benzoyl) propionic acid did 
not give satisfactory results on reacting with hydrazine hydrate in presence 
of sodium acetate. 
N2H,.H20 
.OCH3 
NaOAC 
OCH3 
(XVI) 
The NMR spectrum of •tfiis compound showed two triplets centred 
at £ 2 ^ and £3.1 each integrating for 2 protons indicating a -CH--CH--system. 
There were two methoxyls at S> 3.78 as a singlet and two one proton meta 
coupled doublets at S 6.01 and S6.15 (J=2Hz). Besides these there was a 
broad absorption around £ S.6 and another sharp peak at fe 11.2 obviously 
one of these indicates a phenolic-OH and the other an amide hydrogen. All 
these data support the above structure of the compound (XVI). 
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Further support for this structure was obtained by mass spectral 
analysis. In the mass spectrum, there was a M peak at m/e 250. The other 
important peaks were at m/e 222 (XVII), 219 (XVIII), 207 (XIX) and 191 (XX). 
The fragmentation pattern has been shown below. 
m/e 207 
(X IX) 
m/e 191 
( X X ) 
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SYNTHESIS OF 6-(2-HYDROXY-»-METHOXY PHENYL)-2,3^^-TETRAHYDRO-
PYRIDAZINE->ONE (XXnO 
^-(Z-hydroxy-'f-methoxy benzoyl) propionic acid methyl ester (LXVIII, 
p. 106) (300 mg) was added to a solution of sodium acetate (300 mg), methanol 
(21 ml) and hydrazine hydrate (6 ml). The contents were refluxed for two 
and a half hours on a boiling water bath. Methanol was then evaporated off 
and the resulting reaction mixture was poured on ice cold water (30 ml). 
A yellow precipitate separated out which was filtered and washed with cold 
water. On crystallisation from methanol»it gave yellow shining needles (150 mg), 
m.p. 21 3-215% 
Spectral data 
NMR (,f, CDCl^ 
2.7 (t, 3=6Hz, -CH--CH^-C-); 3.1 (t, 3=6Hz, -CH^-CH--C-); 2 —2 11 ' 2 —2 11 
O O 
3.9(s, 3H, OCH:3); 6.6 (m,2H, H-3', H-5'); 1.^ (d, 3=9Hz, H-6'); 
11.8 (s, IH, OH). 
Mass 
m/e 220 (M"^ ), m/e 219, m/e 190, m/e 192, m/e 177. 
Analysis 
Found c 60.22% H 5.63% N 12 .5 ' t% 
calc. for CjjHj2N203 C 60.00% H 5A5% N 1 2 . 7 2 % 
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SYNTHESIS OF 6-(2-HYDROXY-*,6-DIMETHOXY PHENYL)-2,3^^-TETRA-
HYDR0PYRIDAZINE-3ONE (XVO 
The B-<2-hydroxy-4,6-dimethoxy benzoyl) propionic acid methyl 
ester (XCIII, p. 122) (200 mg) was added to a solution of sodium acetate (200 mg), 
methanol (15.0 ml) and hydrazine hydrate Cf.O ml). The contents were refluxed 
for 8 hours on a boiling water bath. Methanol was then evaporated off and 
the resulting reaction mixture was poured on ice cold water (40 ml). An 
orange yellow solid separated out which was filtered, washed with ice cold 
water. On crystallisation from methanol-acetone mixture, it gave orange 
yellow needles (100 mg), m.p. 202-204°. 
Spectral data 
NMR ( (5, CDCl^ 
2.5 (t, 3=6Hz, 2H, CH^); 3.1 (t, 3=6Hz, 2H, CH^); 3.78 (s, 6H, 
2xOCH^; 6.01 (d, 3=2Hz, IH, H-5); 6.15 (d, 3=2Hz, IH, H-3); 
8.6 (b, IH, NH) and 11.2 (s, IH, OH). 
Mass 
m/e 250 (M"^ ), m/e 222, m/e 219, m/e 207, m/e 191. 
Analysb 
^ ° " " ^ C 57.77% H 5.76% N 10.92% 
calc. for Cj2Hj^N20^ C 57.60% H 5.6% N 11.2% 
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if-HYDROXY COUMARINS 
The Coumarins oxygenated at 4-position do not constitute a very 
large group, but the importance of the study of this group lies in the fact 
that many of the 'f-oxygenated coumarins (natural or synthetic) have unique 
physiological properties e.g. warfrin, dicoumarol, phenprocoumon and clocou-
marol are well known for their anticoagulant activity. Novobiocin, a naturally 
2 
occurring if-hydroxycoumarin derivative is used as an antibiotic . The 3-nitro-
and 3-acetyl-^-hydroxycoumarin derivatives are reported to have antiallergic 
and insecticidal properties. 
STRUCTURE ELUCIDATION OF ^-HYDROXYCOUMARINS 
Chemical degradation 
On refluxing with alkali ' the 'J-methoxy coumarins give the 
O-hydroxyacetophenone derivatives but it has been found that in certain 
cases benzoic acid derivatives are also obtained. Under controlled conditions, 
g 
however, Sethna et al isolated the corresponding benzoylacetic acid from 
't.Z-dimethoxy-and 'f,7,8-trimethoxycoumarins, and also found that on similar 
treatment '^jZ-dihydroxy-and 'fjZ.S-trihydroxycoumarins give the starting 
compound. Recently, it has been found that using still milder conditions 
(alkali, k%), 4-methoxycoumarins (I) give the 'f-hydroxycoumarins OD. 
157 
COOH 
(II) 
g 
On heating w i th hydrochloric acid (steam bath)'f-methoxycoumarins 
(I) give the corresponding 't-hydroxy coumarins (II). However, prolonged heating 
of the coumarin wi th the acid gives the corresponding O-hydroxyacetophenone 
derivative (III). 
0\^J) 
OCH3 
(I) 
(III) 
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On methylation with dimethyl sulphate, 't-hydroxycoumarins give 
the 'j-methoxycoumarins (V) while the use of diazomethane gives a mixture 
of 4-methoxycoumarins (V) and 2-methoxychromones (VI), the former pre-
dominating. The exact composition of the mixture is dependent on many 
factors like the nature of the substituents present, the solvent employed 
and the rate of addition of the reagent. 
0 > ^ 0 
0 \ ^ 0 
( I V ) 
(V) 
a0x^0 
OCH: 
-h 
(V) (VI ) 
^9? 
Structure of *-hydroxycoumarins 
It has been confirmed by a number of reactions that if-hydroxy-
coumarins {^) exist^^ in tautomeric equilibrium with ketonic form (B) and 
the corresponding 2-hydroxy chromones (C). This was supported by Chmielewska 
who isolated 'f-methoxy coumarin as the major product along with 2-methoxy 
chromone during methylation of '•-hydroxycoumarin with diazomethane. 
13 
\^0 
(A) (B) 
On the other hand, the formation of 2,3,'*-triketochroman-3-p-
substituted phenyl hydrazone with phenyl diazonium chloride in alkaline medium 
(sodium carbonate, 5%) shows facile interconversions to the ketonic form 
(B) also. Support to the above character of ^J-hydroxycoumarin can also be 
given by the work of Vanzan ten eta I who successfully carried out the ary-
lation at 3-position of ^f-hydroxy coumarin by Meerwein diazo reaction in 
acidic medium (PH,_J and also by that of Link et al who obtained 3-acetyl-
if-hydroJcycoumarin on acetylation of ^f-hydroxy coumar in under fixed set 
of reaction conditions. 
Spectroscopic data ' suggests that the '^-hydroxycoumarin 
tautomer (A) usually predominates (in solution at least). 
The presence and interconversion of three possible forms (A—= 
B ^ = ^ C ) in 'f-hydroxycoumarins can also be gauged by chemical reactions 
other than methylation. 
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SYNTHESIS OF •-HYDROXY COUMARINS 
'f-Hydroxy coumarins are synthesised as given below. 
1. From phenols 
21 (i) Reaction of phenol (VII) with ethyl cyanoacetoacetate"' (VIII) 
in presence of zinc chloride and dry hydrogen chloride gas followed by the 
hydrolysis of the intermediate ketimine (IX), gives ^f-hydroxy coumarin (X). 
(VII) 
+ H3CH2C0\^0 
(VIII) 
H2O/H* 
-CH2C00C2Ht: 
NHHCI 
0 x ^ 0 
(IX) (X) 
(ii) Reaction of phenol (XI) with maionic acid (XII) in the presence 
of phosphorus oxychloride and zinc chloride gives ^-hydroxy cou mar in (IV). 
/ni 
0 POCl3-ZnCl2 \ ^ 
(iii) 
(XI) (XII) 
Maionyl shloride^^ (XIV) can also be used in place of malonic 
acid under the sinnilar conditions but the reaction is of limited use. 
H3CO 
OCH3 
4- POCl3-ZnCl2 
60-65" 
HoCO 
(XIII ) (XIV) (XV) 
(iv) Reaction of phenol (XI) with substituted nnalonic ester (XVI) 
gives the 3-substituted ^f-hydroxy coumarin (XVII) on heating at 2^ 10° 
202 
[ ^ T C2H5O 
(XI) 
From ketones 
2W 
2k 
2. 
(0 Reaction of O-hydroxyacetophenones (XVIII) with diethyl carbonate 
(XIX) in presence of pulverized sodium gives the 4-hydroxycoumarin (XX) 
CjHsOv 
(XVIII) (XIX) 
A 
Rj = H, -CH^rOCH^, -C^H^ etc. 
This method is useful only when the compounds contain no other 
free hydroxyl group except ortho to the ketone function. Yields are very 
low and sometimes reaction fails altogether with ketonehaving two or more 
hydroxyl groups. A similar method has also been reported^^ in which sodium 
hydride in benzene is used as the condensing agent. 
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26 It was observed in the reaction of 2-hydroxy-4, 6-dimethoxy-
acetophenone with diethyl carbonate in presence ol sodium methoxide that 
the product obtained was ethyl ^f-hydroxy-^, 7-dimethoxy coumarin-3-carboxylate 
(XXII) and not 4-hydroxy-5,7-di-methoxycounnarin as has been reported earlier 
in literature . However, on heating with alkali (5% NaOH), ethyl 'f-hydroxy-^, 
7-dimethoxycoumarin-3-carboxylate gives the '>-hydroxy-5,7-dimethoxycoumarin 
(XXIII). 
27 Similar results have been reported in 5,7-dioxygenated 't-hydroxy 
coumarins as shown in chart-I. 
Chart-! 
iOC^H^)^ PO 
Na OCH .OC2H5 
(XXI) (XXII) 
RO. o^^o 
OR1 OH 
(XXIII) 
20A 
(ii) On reacting O-hydroxyacetophenones (XXIV) wi th ethylchloroformate 
(XXV) in ref luxing acetone in the presence of potassium carbonate, good 
yields of 'f-hydroxycoumarins (XXVI) are obtained even in case of polyhydroxy 
ketones. 
28 
CH2R^ + 
C2H5O 
CI 
(XXIV) 
o 
u 
i 
(XXV) 
(XXVI) 
R = OHi R^  = H, - C H 3 , -OCH3, C^H^ e tc 
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3. From acids 
29 Recently, a new method has been developed for the synthesis 
of 'f-hydroxycoumarin (XXX). It involves the condensation of acetylsalicyloyl 
chloride (XXVII) and diethyl malonate (XXVIII) in the presence of magnesium 
ethoxide in benzene. The yield is quantitative. 
OCOCH-
(XXVII) (XXVIII) 
o%^o 
OH 0 
OC2H5 
OH 
(XIX) (XXX) 
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SYNTHESIS OF 7^-DIMETHOXY-*-HYDROXY->CARBOETHOXY 
COUMARIN (XXXIV) AND RELATED HETEROCYCLICS (XXXIX & XLD 
In continuation to our work on nitrogen and oxygen containing 
heterocyclic compounds, we carried out the synthesis of a few more hetero-
cyclics. 
The coumarin (XXXIV) was obtained by the action of diethyl carbo-
nate on 3 A-dimethyl ether of gallacetophenone (XXXIII) in the presence of 
pulverised sodium. 
3 A-dimethyl ether of gallacetophenone (XXXIII) 
Gcdlacetophenone (XXXII) was prepared by Nencki reaction. This 
is a zinc chloride catalyzed acylation of a phenol. Pyrogallol (XXXI) was 
reacted with acetic anhydride in presence of freshly fused zinc chloride at 
a temperature of 1^0-^5". Excess acetic anhydride was distilled off under 
reduced pressure and the residue on dilution with water, gave gallacetophenone 
(XXXII). Its 3,'f-dimethyl ether (XXXIII), m.p. 77-78" was prepared by refluxing 
it with dimethyl sulphate (2 moles) in dry benzene in presence of anhydrous 
potassium carbonate. 
OH 
HO\/Av^^H 
(XXXI) 
2nCl2/AC20 
OCH3 
c,0«, ^ 0 
V G ^ V ^ (XXXII) 
(XXXIII) 
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7,8-<limethoxy-4-hydroxy-3-carboethoxy coumarin (XXXIV) 
S.^t-dimethyl ether of gallacetophenone (XXXIII) was refluxed 
with dry diethyl carbonate in presence of pulverised sodium. Excess sodium 
was destroyed by adding methanol. Water was added and unreacted material 
was separated by extraction with ether. Aqueous layer on acidification with 
HCl followed by crystallisation gave a light brown compound (XXXIV), m.p. 
170-72°. 
OCHi 
Na 
H3 (C2H3)2C03 
OCH3 
,0 
^ ^ 
1 
OH 
(xxxm) (XXXIV) 
The NMR spectrum of (XXXIV) showed a triplet at £ lA for 3 
protons (3=7Hz) and a quartet for 2 protons at S if.5 together indicating 
the presence of -OC2H^. There was a singlet at S'f.O integrating for 6 protons 
of the two methoxyls. In the aromatic region there were two ortho coupled 
doublets a t S 7.05 Sc S7.90 (J=8Hz) indicating the presence of two ortho protons. 
There was a sharp singlet for a chelated hydroxyl at S 15 exchangeable with D-O. 
The low field doublet at ?>7.9 is obviously from H-5 and the other at ?> 7.05 
is due to H-6. 
above. 
Thus the structure of the compound could be inferred as (XXXIV) 
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The mass spectrum of the compound had a molecular ion peak 
at m/e 294 consistent with coumarin structure (XXXIV). There was a loss 
of ^6 mass units corresponding to a loss of an ethanol unit, giving (XXXV) 
at m/e 2*^ 8. RDA fragmentation well known in 't-hydroxy coumarins gave 
the A-ring ions (XXXVI) at m/e 180 and (XXXVII) at m/e 181, the former 
dominating. Thus the structure was confirmed as 7,8-dimethoxy-4-hydroxy-
3-carboethoxy coumarin (XXXIV). The fragmentation pattern may be shown 
below. 
OCH 
OCH 
COOC2H5 
m/e 2^ *8 
(XXXV) 
OH 
(M^), m/e 294 
(XXXIV) 
m/e 180 
(XXXVI) 
OCH3 
m/e 181 
(XXXVII) 
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SYNTHESIS OF HETEROCYCLICS DERIVED FROM ^-HYDROXY 
COUMARIN (XXXIV) 
As this ccxjmarin derivative (XXXIV) possesses a B-keto ester 
moiety, we thought it worthwhile to prepare heterocyclic derivatives derived 
from it. 
The following two reactions were attempted. 
(i) Reaction of (XXXIV) with hydrazine hydrate 
OCH 
OCH 
(XXXIV) 
CN 
X 
z 
CM 
V 
or 
NH—NH 
(XXXVIII) 
OC2H5 
OH 0 
H:,CO 
(XXXIX) 
The coumarin (XXXIV) on reacting with hydrazine hydrate and 
usual processing of the reaction mixture gave a TLC pure light yellow amor-
phous solid, m.p. 2 35-37"*. 
The IR spectrum of the compound in KBr showed the amide carbonyl 
210 
at 1660 cm'^ and the chromone carbonyl at 1605 cm" . The lactone carbonyl 
band at IZ^ tO cm" present in the starting material was absent. 
The NMR spectrum of the compound in CDC1,/TFA mixture showed 
two methoxyl signals at c5"4.05 and ^ t f . l and two doublets at S 7.2 and Sz.Q5 
(J = 10Hz) integrating for one proton each. There were no signals from the 
ethyl ester moiety of the starting compound indicating some reaction. Coupled 
with the IR spectral information, the compound is likely to have the structure 
(XXXIX). 
(ii) Reaction of (XXXIV) with hydroxylamine 
OCH3 
(XL) 
OCH3 
(XXXIV) 
X 
o 
X 
z 
or 
OH 0 
The 't-hydroxycoumarin on reacting with hydroxylamine hydrochloride 
and usual work up of the reaction product gave a light pink amorphous com-
pound, m.p. 225-27°. 
21 
The IR specirum of the compound in KBr showed the chromone 
carbonyl at 1620 cm" and the amide carbonyl at 1670 c m " . The lactone 
carbonyl band at \7i*0 cm" present in the start ing mater ial was absent. 
The NMR spectrum of the compound in CDC1, /TFA mixture 
showed two methoxyl signals at o '*'0^ and o '^•10. In the aromatic region 
i t showed two orthocoupled one proton doublets centred at o 7.25 and S 8.1 
(3=9Hz). Coupled wi th the IR spectral information, this leads to the structure 
(XLI) for the product. 
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SYNTHESIS OF 7^-DIMETHOXY-»-HYDROXY-3-CARBOETHOXY COUMA-
RIN (XXXIV) AND RELATED HETEROCYCLICS (XXXIX & XLI). 
Preparation of gaUacetophenone (XXXn) 
Freshly fused zinc chloride (7.0 gm) was dissolved by heating in 
glacial acetic acid (10 ml) in a 250 ml round bottom flask on a heating mantk 
under anhydrous conditions. Acetic anhydride (15 ml) was then added followed 
by pyrogallol (XXXI) (12.5 gm). The contents were heated for 15 minutes 
at a temperature 140-'f5'' with frequent shaking. Unreacted acetic anhydride 
and acetic acid was distilled off under reduced pressure. Ice pieces (about 
100 gm) were added to the above reaction flask. A reddish brown substance 
separated out which was filtered and washed with ice cold water. On crystailli-
sation from boiling water, it gave fine reddish brown shining crystals (7.2 gm), 
m.p. 170-72". 
Preparation of 2-hydroxy-3^-dimethoxy gaUacetophenone (XXXm) 
The above gaUacetophenone (XXXII) (10 gm) was dissolved in dry 
benzene (150 ml) and refluxed with anhydrous potassium carbonate (36 gm) 
and dry dimethyl sulphate (13.0 ml) for 8 hours. The contents were cooled 
to room temperature and filtered in order to remove poteissium carbonate 
and washed with dry benzene. The filtrate and washings were combined to-
gether, concentrated to a small volume and left overnight in a refrigerator. 
A solid separated out which was filtered and washed with cold water. On 
crystallisation from petroleum-ether, it gave colourless crystals (5.7 gm), 
mjp. 77-78". 
Preparation of 7,8-diinethoxy-<»-hydroxy-3-carboethoxy coumarin (XXXIV) 
The above compound (XXXIII) (1.0 gm) was dissolved in dry and 
distilled diethyl carbonate (30 ml) and the contents heated under reflux for 
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5 hours in presence of pulverised sodium (1 gm). The reaction mixture was 
cooled to room temperature and excess of sodium was destroyed by adding 
methanol (25 ml). Water (75 ml) was then added and unreacted products 
removed from aqueous layer by extraction with ether. Aqueous layer was 
acidified with HCI (^ fO ml). A reddish brown solid separated out which was 
filtered, washed with a little ice cold water and dried. On crystallisation 
from methanol it gave light brown needles {i*00 mg), m.p. 170-72°. It gave 
a red colour with alcoholic ferric chloride solution. On TLC examination 
in TEF (5:'f:l), it showed a single spot which had an intense blue fluorescence 
under UV light. 
Spectral data 
IR (KBr) 
/ / m a x 
3^^38,171^0, 1650, 1618, 1558, 1500, lii80, l«i60, li|«tO, 
l'f20, l«fOO, 1380, U'fO 1300, 1280, 12«t0, 1180, 1160, 
1100, 1050, 1020, 970, 950, 920, 8^0, 820, 800, 7 30, 
1 
Analysis 
and 680 cm 
NMRCcT, CDCI3) 
lA (t, a=7H2, C H ^ ; ^.0 (s, 6H, 2xOCH J ; if.5 (q, 3=7Hz, CH2O) 
7.05 (d, 3=8Hz, H-6)i 7.90 (d, 3=8Hz, H-5) and 15 (s, IH, OH). 
Mass 
m/e 29^ (M"^ ), m/e 2k&, m/e 181, m/e 180. 
Found c 'i-r n-ioi. 
^ 57.02% H 4.93% 
calc. for Cj^Hj^O^ c 57.14% H '^•76% 
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SYNTHESIS OF HETEROCYCLIC COMPOUNDS (XXXIX & XLI) DERIVED 
FROM -^HYDROXY COUMARIN (XXXIV) 
(i) Reaction of (XXXIV) with hydrazine hydrate 
7,8-dimethoxy-'t-hydroxy->carboethoxy coumarin (XXXIV) (100 mg) 
was added to a mixture of sodium acetate (300 mg) and methanol (15 ml) 
containing hydrazine hydrate (0.5 ml). The contents were refluxed for 12 
hours on a boiling water bath. Methanol was then evaporated off and the 
residue poured on ice cold water (50 ml). A buff coloured precipitate separated 
out which was filtered, washed with cold water and dried. On crystallisation 
from methanol it gave light yellow amorphous compound (60 mg), m.p. 2 35-37°. 
On TLC examination in TEF it was found to be pure, it was characterised 
as (XXXIX). 
Spectral data 
IR (KBr) 
> (KBr 
max 
3f*i*0, 1660, 1605, 1520, 1160, 11+20, lifOO, 1300, 1278, 
1230, 1160, 1100, 1030 and 790 cm"^. 
NMR ( ( ^ , CDCl, + one drop of TFA) 
1^.05 (s, 3H, OCH3); kAQ (s, 3H, OCH3); 7.2 (d, : = 10Hz, IH, 
H-b) and 8.05 (d, a=10Hz, IH, H-a). 
(ii) Reaction of (XXXIV) with hydroxylamine hydrochloride 
7,8-dimethoxy-4-hydroxy-3-carboethoxy coumarin (XXXIV) (100 mg) 
was dissolved in distilled ethanol (10 ml). To it was added hydroxylamine 
hydrochloride (250 mg) and dry pyridine (0.5 ml). The contents were refluxed 
for It hours on a boiling water bath. Ethanol was then evaporated off and 
the residue was poured on ice cold water (50 ml). A light pink coloured preci-
pitate separated out which was filtered, washed with cold water and dried. On 
21 
crystallisation from methanol- methylene chloride mixture, it gave a light 
pink amorphous compound (80 mg), m.p. 225-27°. On TLC examination in 
TEF it was found to be pure. It was characterised as (XLI). 
Spectral data 
IR (KBr) 
1 IKBT 
y J }Hi*0, 1670, 1620, 1520, If80, l«t60, 1^20, 1320, 1285, 
J^ max , 
1130, 1075, 810 and 660 cm . 
NMR (<: ,^CDCK+ one drop of TFA) 
f.05 (s, 3H, OCH^; ^t.lO (s, 3H, OCH^); 7.25 (d, 3=9Hz, IH, 
H-b) and 8.10 (d, D=9Hz, IH, H-a). 
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